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LATHYRISM VERSUS ODORATISM 


Hippocrates has written that “at Ainos, 
all men and women who continuously ate 
peas, became impotent in the legs, and that 
state persisted.” Disregarding this, other 
similar historical accounts of Pliny, Galen 
and made in 
Hindu _ trea- 
tise), the first serious recognition of such a 


Avicenna, and the mention 
“Bhavaprakasa” (an ancient 
neurological disorder necessitating govern- 
mental action was in Wurtenberg in the 
seventeenth century, where the consumption 
of the chick pea (Lathyrus sativus) was for- 
bidden by law. It was only in 1874 however, 
that the term “ was introduced 
in Italy by Cantani, who also assigned to it a 


Lathyrism’ 


definite nutritional etiology. 

From India (perhaps the only country 
today where Lathyrism is still a public 
health problem after more than a hundred 
years of its existence there) comes the first 
succinct account of the epidemiology and 
clinical picture of the disease, and that from 
a layman. General W. H. Sleeman (‘‘Ram- 
bles and Recollections of an Indian Official’, 
London, 1844) described the association of 
famines with increased consumption of the 
Lathyrus pulse and the outbreak of epi- 
demics among villagers, stressing the sudden- 
ness of the onset and the restriction of the 
disease to the lower limbs. According to 
Irwing (quoted by Acton), by 1857 the inci- 
dence of Lathyrism in some of the provinces 
of India had already reached to 6 per cent 
of the population. By the beginning of this 
century, there were probably over 100,000 
instances of the disease in these highly 
affected areas. H. W. Acton (Jnd. Med. Gaz. 
57, 241 (1922)) described four characteristie, 
progressively crippling stages of the purely 
motor spastic paraplegia that is pathog- 
nomonic of Lathyrism. 

E. F. Buzzard and J. G. Greenfield 
(“Pathology of the Nervous System”, Lon- 
don, 1921) mention ‘‘a pseudo-systematized 


33 


degeneration of the long ascending and 
descending tracts of the cord’’, in the first 
description of the histopathology of spinal 
cord in a case of Lathyrism. They observed 
that the two pyramidal tracts, the direct 
cerebellar and the dorsal, were the ones most 
damaged. Concomitant changes in the nerve 
roots and in the peripheral nerves with 
‘“honeycombing” and proliferation of con- 
nective tissue elements led them to compare 
Lathyrism to ergotism. Acton had made a 
shrewd guess in considering the basic pathol- 
ogy to be a sudden vasospasm and throm- 
bosis of the anterior spinal artery, for I. N. 
Filimonoff (Zschr. ges. Neur. Psychiat. 105, 
76 (1926)), in his very thorough presentation 
of a case that went to autopsy, described a 
sclerosis and obliteration of the blood vessels 
in the anterior grey commissure and in the 
pia mater over extensive areas of the cord. 
Rarefaction was noted in the lateral as well 
as the posterior columns, but more in the 
former; quite striking was an intensive glial 
proliferation in these areas, below the level 
of D-11. The anterior horn cells were very 
well preserved. 

Contrary to the views of 
Greenfield, 


Buzzard and 
keeping with current 
thinking on the pathogenesis of Lathyrism, 
Filimonoff concluded that the histological 
picture did not indicate a ‘‘system disease’, 


and in 


but was reminiscent “of a chronic myelitic 
starting as a “myelitis funicu- 
at some site of predilection. The 
vascular proliferation in the anterior grey 


process’, 


laris’’, 


commissure Was believed to represent either 
an injury by the toxin of Lathyrus, or the 
residua of a proliferative leptomeningitis. 
Since the beginning of the last century, 
observations on have been 
accompanied by attempts at producing the 
disorder in various experimental animals. In 
this century, a number of workers, mostly in 
India, had conducted several such careful 


human 


cases 
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studies (e.g., Acton (1922); L.A.P. Ander- 
son, A. Howard and J. L. Simonsen, Jnd. ./. 
Med. Res. 12, 613 (1924); R. Stockman, 
J. Pharmacol. & Exp. Therap. 37, 43 (1929 
and R. MecCarrison & B. G. Krishnan, Jnd. 
J. Med. Res. 22, 65 (1934)). Ducks, rats, 
rabbits, guinea pigs and monkeys were used 
by these workers. While Stockman was in- 
clined to concede a paralytic effect to the 
consumption of Lathyrus seeds, the other 
investigators were more correctly sceptical 
of this, from their own observations. 

Thus it is interesting to note at this 
juncture that as early as 30 years ago, the 
four main approaches to the study of the 
problem of Lathyrism in man (viz., epi- 
demiological, clinical, pathological and ex- 
perimental) had already been made, and 
that all these put together had failed to 
evolve any clear concept of the patho- 
genesis of this disease. It is as interesting and 
instructive to realize that the problem re- 
mains essentially unsolved today, notwith- 
standing the elucidation of certain details of 
the picture and the disproving of some of the 
older theories. Thus the contention of Acton 
and R. N. Chopra (Jnd. Med. Gaz. 67, 412 
(1922)) that amines in the seed increase dur- 
ing germination and cause vasospasm after 
their ingestion; of Stockman that certain 
alkaloids are the toxic agents in the seeds; 
of Anderson and co-workers that a contami- 
nating seed such as Vicia sativa is respon- 
sible for some of the clinical features; of 
McC. Young (/nd. J. Med. Res. 15, 453 
(1927)) that the disease is due to an as- 
sociated nutritional deficiency, especially 
of vitamin A; or of C. Jimenez-Diaz (D. 
Denny-Brown, Medicine 26, 41 (1947)) 
that the seeds contain a specific toxic anti- 
vitamin substance, have all alike remained 
completely unsubstantiated. 

The experience of the present reviewers, 
based on experiments on rats and monkeys 
during the last five years, has not been 
significantly different from that of others 
(who have conducted similar experiments 
using L. sativus and have obtained negative 
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results), in spite of introducing certain 
modifications aimed at duplicating condi- 
tions obtaining in the naturally occurring 
human disorder. 

The work of B. J. Geiger, H. Steenbock 
and H. T. Parsons (J. Nutrition 6, 427 
(1933)) on the production of skeletal 
deformities in rats by the feeding of Lathyrus 
odoratus (the sweet pea) did indeed open up 
a new field, so much so that “Odoratism”’ 
(F. Vivaneo and C. Jimenez-Diaz, Chem. 
Abstr. 45, 9648 (1951)) has now become a 
distinct subject for investigation. While 
these early observations laid stress on the 
bony changes (spinal and sternal curvatures 
and swelling of costochondral junctions) 
subsequent experiments also revealed dis- 
secting aneurysms of the aorta (I.V. Ponseti 
and W. A. Baird, Am. J. Path. 28, 1059 
(1952)) and the notion developed that a 
single toxic factor in this pea was responsible 
for these diverse effects of damage te mesen- 
chymal tissues at different sites in the body. 
That these effects were not the result of a 
concurrent nutritional deficiency appeared 
to be proved when supplements to the diet 
of casein, vitamins and minerals (H. B. 
Lewis, R. S. Fajans, M. B. Esterer, C. 
Shen, and M. Oliphant, J. Nutrition 36, 
537 (1948)) or some of the amino acids 
(W. Dasler, Proc. Soc. Exp. Biol. Med. 
91, 554 (1956)), failed to protect against 
the toxic action of L. odoratus. It is now 
believed that the primary biochemical 
change in all lesions of Odoratism is an 
accumulation of chondroitin sulphate with a 
general breakdown of supporting structures 
such as collagen fibrils (D. W. Menzies, 
and K. W. Mills, J. Path. Bact. 73, 223 
(1957)). 

In contrast to the lack of information 
about the hypothetical toxic factor in L. 
sativus, an active substance producing the 
same effects as the consumption of the whole 
pea was first isolated from the Singletary 
pea (L. pusillus) by H. P. Dupuy and J. G. 
Lee (J. Am. Pharm. Assn. 43, 61 (1954)), 
and then from L. odoratus by E. D. Schilling 
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and F. M. Strong (J. Am. Chem. Soc. 76, 
2848 (1954)). Both these agents were found 
capable of producing the progressive skeletal 
changes and muscular paralysis associated 
with experimental Lathyrism in the rat. The 
compound isolated from the sweet pea was 
characterized as 8-(N-y-L-glutamyl)-amino- 
propionitrile. It was soon recognized by sev- 
eral groups of workers that the y-glutamy| 
moiety was not essential and that the active 
component of the molecule was 8-amino- 
propionitrile (BAPN) (e.g., 5. Wawzonek, 
I. V. Ponseti, R. S. Shepard, and L. G. 
Wiedenmann, 121, 63 (1955)). 
Wawzonek et al. found that concentrations 
of 0.1 to 1.0 per cent of BAPN in the diet 
produced mesenchymal lesions in the rat 
that were histologically identical to those 
observed when diets containing 50 per cent 


Science 


L. odoratus seeds were fed. 

The amount of BAPN in dried seeds of 
different varieties of L. odoratus has varied 
from 58 to 160 mg. per cent and is 62 mg. 
per cent in L. pusillus (Strong, Nutrition 
Reviews 14, 65 (1956)). No BAPN has been 
found in L. sativus or cicera, nor in a variety 
of other legume seeds including soybeans, 
edible garden peas, navy beans, mung beans 
and others. “‘BAPN is thus characteristically 
present Lathyrus species that 
produce ordoratism and absent from those 
that cause human Lathyrism” (Strong). Of 
several other structurally related substances 
tested, only aminoacetonitrile (Wawzonek, 
et al.) and 8-mercaptoethylamine (W. Das- 
ler, Proc. Soc. Exp. Biol. Med. 88, 196 
(1955) ), especially the former, have been 
found to exert an effect comparable to that 
of BAPN. Since the latter decomposes to 
acrylonitrile and ammonia, diets containing 
acrylonitrile administered to 
weanling rats, but no skeletal lesions were 
produced (Wawzonek, et al.). As the 
toxicity of acrylonitrile has, in turn, been 
ascribed to the slow liberation of the cyanide 
ion in the body, sublethal doses of potas- 
sium cyanide were administered to rats 
(Wawzonek, ef al.), but after 28 days the 


in those 


have been 
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animals were still thriving and no skeletal 
changes could be detected. 

T. E. Bachhuber, J. J. Lalich, D. M. 
Angevine, E. D. Schilling, and F. M. Strong 
(Proc. Soc. Exp. Biol. Med. 89, 294 (1955)) had 
noted that nervous symptoms result from 
the feeding 
(BBCE), 


comparatively 


of _Bis-6-cyanoethylamine 


BAPN 


neurotoxic. 


an analouge of which is 
Believing 
that this difference might be due to the 
presence of two nitrile groups in BBCE as 
against one in BAPN, and to follow up the 
clinical observation 
H. A. Hartmann, J. J. 
(J. Neuropath. & 

(1958)) examined the brains and cords of 
different groups of rats maintained for 
different lengths of time on BBCE. After 
three weeks of 20 mg. a day, hyperactivity, 


less 


by neuropathology, 
Akert 


17, 298 


Lalich, and Kk 
Exp. Neurol. 


episodic circling and intermittent extensor 
spasms of neck muscles were noted. After 
eight weeks hind limb weakness appeared, 
and histological changes in nerve cells were 
observed. Extensive necrosis of spinal motor 
noted all test 
There was no evidence of inflammatory or 
glial response or involvement of the tracts 
of the spinal cord. As against the report of 


neurons Was in animals. 


Lewis et al., that spinal cord symptoms in 
rats fed sweet pea extracts were secondary 
to the ol 
Hartmann, et al., revealed primary neuronal 


vertebral deformities, animals 
damage and minimal or no skeletal changes. 
Regarding the postulation that increasing 
the number of nitrile groups lends increased 
virulence to such compounds, Wawzonek, ef 
al., had failed to note any lesions, skeletal 
or otherwise, in weanling rats fed on 0.4 
to 1.0 per cent tris-8-cycanoethylamine. 
Thus, while the of the last 
decade odoratism has become recognized 
as an experimental entity and the pathology 
and biochemical basis of the condition has 
been worked out satisfactorily, so that it 
has contributed to our basic knowledge of 
the mesenchymal ground substance of 
mammalian tissues, Lathyrism in man per- 
the 


in course 


sists in eluding investigator after 
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centuries of observation. Since the disorder 
usually sets in after over six months of 
continuous feeding on a diet containing 50 
per cent or more of L. sativus (IX. L. Shourie, 
Ind. J. Med. Res. 32, 239 (1945)), the seed 
of which contains 28.2 g. per cent of protein 
(V. N. Patwardhan, ‘Nutrition in India,” 
Bombay, (1952)), a prolonged high protein 
intake ensues. This might be significant 
enough to call for further investigations 
on the type of proteins present and the 
products of their metabolic degradation. 
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Finally, the demonstration of the neurotoxic 
property of BBCE would suggest the possi- 
bility of similar agents, perhaps related to 
the nitriles, being responsible for the neuro- 
logic manifestations of Lathyrism. 

DaraB K. Dastvr, 

C. G. S. lyer 

Neurology Unit of the Indian 

Council of Medical Research, 

Indian Cancer Research Centre & 

Tata Memorial Hospital, 

Bombay, India. 


DIET AND MYOPIA IN CHILDREN 


In studying the nutrition of myopic 
(nearsighted) children, P. <A. Gardiner 
(Lancet I, 476 (1954)) noted that these 
children grew more irregularly and matured 
earlier than those with normal vision. He 
also believed that the rate of visual deteriora- 
tion coincides with the spurts of physical 
growth in children with acquired myopia. 
This relationship held for both the time and 
severity of the myopia. He also noted (Trans. 
Opthal. Soc. U. K. 76, 171 (1956)) that 
myopic children whose vision is deteriorating 
eat less food per unit of body weight than 
do non-myopic children or myopic individ- 
uals whose eyesight is not deteriorating. 
Gardiner believed that the limiting food 
element involved in acquired myopia is 
contained in animal protein. 

Recently, Gardiner (Lancet I, 1152 
(1958)) reported in preliminary form studies 
in which he attempted to reduce the rate 
of deterioration of eyesight in myopic 
children by feeding diets in which the 
protein content was raised to at least 10 
per cent of the total caloric intake, the 
protein being derived from animal sources. 
To carry out these investigations he studied 
two groups of myopic children. In one group 
no attempt was made to change their die- 
tary intake; this was the control group. The 
other group consisted of children whose vol- 


untary food intake was determined by 
calculation, and alterations were made so 
as to increase the content of animal protein 
Without increasing the caloric intake. For 
those individuals who did not like protein 
foods, the diets were fortified by use of a 
calcium proteinate preparation. In all of 
these studies both the dietary and protein 
intake for the children were determined by 
interview with a _ dietitian. The same 
individual also supplied the information 
needed to modify the diets so that their 
protein content could be increased. 
Throughout the one year study period 
it was stated that a close watch was kept on 
deviations from instructions. However, it 
was also stated that the children were seen 
two or three times a year and the diets 
adjusted to try to keep them at an optimum 
level. It is well known that to keep an 
ambulatory patient on a rather strict die- 
tary regimen for a long period of time is 
exceedingly difficult except when the patient 
is under very close and constant supervision. 
All individuals with congenital myopia 
were not included in this study. The myopic 
children who formed the basis for this work 
were derived from two different groups. The 
controls were children seen during a period 
of about six months at an ordinary school 
clinic. These children did not have their 


se 
th 
us 
th 


es 


di 


at 


February 1959\ NUTRITION 
dietary intake modified. They were given no 
nutritional The test group 
consisted mainly of children whose parents 


information. 


elected or were advised not to send them to 
the school clinic; these children were seen 
at the hospital or in another unit where 
supplementary opthalmological service was 
provided. A proportion of the patients in 
this group did, however, come from the 
school clinies, but the number of individuals 
was not designated. Since the validity of this 
work is dependent upon the two groups, it 
would have been a much better controlled 
study had they been derived as closely as 
possible from a single population of children. 
While only the effects of a protein intake 
are being studied there could be 
numerous other factors which might influ- 
ence the development of myopia and they 
might not be uniformly distributed in both 
series of patients. The. fact that most of 
the treated subjects were not from the 
usual school clinic might justifiably indicate 


here, 


that a greater interest was shown in them or 


someone was more cognizant of their 
difficulty. 
An eye refraction was done before the 


study was initiated and later at two con- 
secutive six-month intervals. The quantita- 
tion of the degree of myopia was done by 
refraction and expressed in the unit, diop- 
ters. The greater the number the more severe 
the myopia. All results are given for the one 
year study period. 

The of 346 
children ranging from five to over 13 years 
of age, and the treated group consisted of 91 
children of similar age range. There appears 
to be a large difference in the rate in which 
the myopia deteriorated between the con- 
trol group and the treated group. During the 
one-year study period, in the five to seven 
year age group, the untreated children had a 
mean increase in myopia of approximately 
0.8 diopter, while in the treated group the 
average increase was only about 0.33 diopter. 
In all this work the mean value for the vari- 


control groups consisted 
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ous groups is given but no information as 
to the distribution of the values around the 
the 
degree of scatter of values would be im- 
portant here. 


mean are presented. Knowledge of 


In the eight to nine year age group 60 
children who were untreated had an increase 
of about 0.48 diopter while the treated 


children (20) increased only about 0.15 
diopter. For the age groups 10 to 11, 12 to 
13, and over 13, the mean changes in 


myopia for, the control children were 0.5, 
0.35 and 0.38 diopter, respectively, and for 
the treated group, about 0.2, 0.15 and 0.1 
diopter. Thus, in the youngest group, the 
mean difference in myopia in the control 
and the group fed of 
animal protein was approximately 0.5 
diopter and this difference decreased in the 
older age groups usually ranging between 


increased amounts 


0.3 and 0.4 diopter. In all cases the myopia 
in children on the higher protein diet deteri- 
orated more slowly than the myopia in the 
untreated children, except for the over 13 
year group with the least severe myopia 
(initial value 0.25 to 0.9 diopter). 

As noted earlier, the measurement of the 
degree of myopia in this report was done by 
refraction. In the case of the cooperative 
adult of +0.25 diopter is 
possible; this decreased when the children’s 
eyes were refracted. Some of the differences 
reported fall within this range. Also, the 
judgement of the refractionist may become 
an important variable under such conditions. 


an accuracy 


Use of a blind study (the refractionist not 
knowing which individuals were receiving 
therapy) would also be valuable in elimi- 
nating unconscious variations in refraction. 

A more selected portion of this group 
of patients were divided according to those 
on the high protein intake and those on the 
lower protein intake. There were 49 children 
on the higher protein intake and 36 on the 
low protein intake. This group was separated 
further into those above and those below 
12 years of age. The differences in the rate of 
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deterioration of myopia in the two groups 
were not statistically significant, even if 
only those over 12 years of age were con- 
sidered (P = 0.07). Further, it was found 
that, on excluding the girls under 12 years 
of age from the group, the differences 
between the rate of deterioration of myopia 
in regard to the animal protein content of 
the diet yielded a P value of 0.020. In data 
of this type such a value probably has 
meaning. At least it should be considered 
as indicative of a possible trend since the 
number of individuals used in this last study 
was small. 

These investigators conclude that myopic 
children who received increased amounts of 
animal protein in their diets had decreased 
rates of visual deterioration as compared to 
another group of children who did not have 


REVIEWS (Vol. 17, No. 2 
their diets fortified with animal protein. 
They believe that, with few exceptions 
among the younger children, the taking of a 
diet containing more than 10 per cent of the 
calories derived from animal protein caused 
the myopia to deteriorate more slowly than 
that of the control group. For children over 
12 years they found actual improvement 
in most of these cases taking the greatest 
quantity of animal protein. 

Undoubtedly there are numerous factors 
in acquired myopia which influence the 
rate of deterioration. The quantity of animal 
protein in the diet may well be one of these. 
Further investigations probably will be 
carried out in which more precise control of 
the dietary intake is undertaken and larger 


numbers of patients are considered. 


THE GENESIS AND ABSORPTION OF INTESTINAL AMMONIA 


In chronic liver disease, especially with 
abnormal portal to systemic venous connec- 
tions, there is frequently an intolerance to 
dietary protein and ammonium liberating 
medications. Clinically, cirrhotic patients 
may exhibit a ‘flapping’ tremor with de- 
pression of consciousness occasionally pro- 
gressing to frank coma after the ingestion 
of a high protein diet. The association of 
these changes with alterations in venous 
or arterial blood levels of ammonia is 
suggestive, but not conclusive, evidence 
that the symptoms are the result of ammonia 
toxicity. Aspects of this problem have been 
reviewed previously (Nutrition Reviews 14, 
74 (1956); 15, 314 (1957)). 

Two recent contributions to this field 
appear to be of particular interest to the 
nutritionist. The first is a comparison of 
blood and milk proteins in regard to their 
ability to induce rises in blood ammonia 
levels in cirrhotic patients. Alice N. 
Bessman, G. S. Mirick and R. Hawkins 
(J. Clin. Invest. 37, 990 (1958)) have 
measured the arterial and venous ammonia 
levels following the administration of whole 


blood or comparable amounts of protein 
derived from milk by mouth or by gastric 
intubation. In three subjects without liver 
disease the administration of 60 to 120 g. 
of protein from either source was without 
significant effect on the blood ammonia 
levels. In seven subjects with stabilized 
cirrhosis of the liver there was a marked 
difference in the response to the two protein 
sources. Following the ingestion of whole 
blood equivalent to 70 to 103 g. of protein 
there was a rise in the mean arterial am- 
monia level from 1.72 to 3.78 micrograms 
per milliliter in four hours. During the five 
hour period of observation the arterio- 
venous difference also increased. 

When the cirrhotic subjects were given 
roughly the same quantities of milk protein, 
the arterial ammonia level rose less than 0.4 
microgram per milliliter and the arterio- 
venous difference remained little altered. 
Whereas two of the subjects receiving whole 
blood exhibited symptoms suggestive of 
early ammonia toxicity, none of the group 
was affected by the milk protein. 
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The explanation for the marked difference 
in the effects of comparable amounts of 
nitrogen given as whole blood and milk 
proteins is not clear. Bank blood has a high 
ammonia content (about 10 micrograms 
per milliliter) but this ammonia can only 
account for a small fraction of the observed 
rise in It is known that 
certain amino acids such as glutamic acid 
and arginine protect experimental 
animals and man from developing high 
blood ammonia levels in certain experimental 
situations. Methionine on the other hand 
levels. Detailed 
amino acid analysis may indicate differ- 
ences of the respective 
proteins in terms of the balance of protec- 
tive and aggravating amino acids. 

The second contribution to this field which 
will be considered concerns the mechanism 
of ammonia production in the small intes- 
tine. L. T. Webster, Jr., C. S. Davidson, 
and G. J. Gabuzda, (J. Lab. & Clin. Med. 
52, 501 (1958)) have attempted to measure 
acute changes in portal vein blood ammonia 
by sampling dilated abdominal veins, pre- 
sumed to be anastomotic with the portal 
vein. The shortcomings of this procedure 
are discussed by the authors. Levels of 
ammonia were found to be quite different 
in blood obtained from different locations 
on the abdominal wall. The use of the same 
for during repeated 
experiments was adopted to minimize the 


blood ammonia. 


may 


may increase ammonia 


in composition 


vein venapuncture 
errors in sampling. 

Following the ingestion of 20 to 50 g. of 
protein from eggs and dried milk solids a 
prompt increase in the ammonia concentra- 
tion of the abdominal collateral blood was 
noted in five cirrhotic subjects. The rise 
was readily demonstrable after 30 minutes. 
Three of the five patients were restudied 
after the administration of neomycin and 
the rise in blood ammonia in the abdominal 
veins was not significantly different. The 
fact that neomycin had achieved marked 
lowering of the intestinal flora of the duo- 
denum was established. 

A similar prompt rise in the ammonia 


REVIEWS 39 


concentration of the abdominal vein blood 
occurred after the ingestion of 4 to 10 g. of 
l-glutamine. Again prior preparation of the 
patient with did affect 
the in concentration. In 
contrast the rise in abdominal vein ammonia 
which occurred 


neomycin not 


rise ammonia 


during intravenous urea 
administration (0.8 to 70 mg. per minute) 
was inhibited by neomycin. No rise in blood 
ammonia level occurred after the ingestion of 
L-glutamate or the small amount of am- 
monia found to be present in the protein 
feedings. 

The older the entrance of 
ammonia into the portal vein blood inci- 
cated that the large intestine was the most 
important 


view about 


ammonia generating region of 
the gut. It is in this region that the concen- 
tration of urea splitting organisms is highest. 
Moreover, W. Silan, H. A. Harper, D. L. 
Mawdsley, and W. L. Weirich (Proc. Soc. 
Exp. Biol. Med. 88, 138 (1955)) have 
directly sampled the venous effluent from 
the stomach, small intestine and colon in 
dogs after horse meat feeding. The ammonia 
level was from four to 13 times higher in 
the blood from the colon than in the blood 
from the small intestine. The level in the 
blood from the stomach was not increased 
over peripheral blood. 

The prompt 
level 


of blood 
the abdominal 
after protein feedings by Webster ef al. 
makes than the 
upper gastrointestinal tract unlikely. More- 
over, the failure of neomycin to alter the 
results that the of 
small intestine be 


rises ammonia 


obtained from veins 


absorption from other 


suggests 
the may 
independent of bacterial action. This am- 


generation 
ammonia in 
monia, the authors suggest, may arise from 
the amide nitrogen of glutamine and other 
acid The data dogs 
obtained by Silan and co-workers are not 


amino amides. in 
inconsistent with small intestinal absorption 
of some ammonia derived from protein, 
independently of bacteria. It was observed 
that neomycin induced a very large fall in 
the ammonia of the blood from the colon 
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but resulted in no decrease of the not in- 
significant concentration of ammonia from 
the small intestinal venous effluent. 

It is becoming evident from these studies, 
therefore, that there are multiple pathways 
for the genesis and absorption of ammonia 
in the intestinal tract. The rises which 
occurred in blood ammonia despite neo- 
mycin treatment should not be construed 
as evidence against the clinical usefulness 
of this drug. It should be pointed out that 
the acute changes in abdominal vein blood 
were not always paralleled by changes in 


AGE AND VITAMIN 


That the serum vitamin By level decreases 
with age is suggested by the earlier work 
of W. P. Boger, et al. (Nutrition Reviews 14, 
294, (1956)) on a large number of normal 
older individuals. 

Additional evidence of the same nature 
has been reported by B. F. Chow and co- 
workers (J. Gerontology 11, 142 (1956)), 
who prefaced their work by a study of 
the constancy of the serum vitamin By» 
levels in the same individuals. Blood samples 
were taken from 174 subjects on two 
occasions either two or six months apart. 
In 90 per cent of the cases, the first serum 
vitamin By: level varied from the second by 
less than 35 per cent. 

In one phase of the study, the serum vita- 
min Bye levels of 17 students at Johns 
Hopkins University and 148 inmates of a 
penal institution (ages 25 to 35 years) were 
compared with 145 old individuals in four 
different institutions (ages 58 to 92 years). 
The university students had a mean serum 
vitamin By level of 323 (standard error 
of the mean +28) micromicrograms per ml., 
while the inmates of the penal institution 
had a value of 268 (+16). The mean values 
for the older institutionalized individuals 
ranged from 152 to 180 micromicrograms 
per ml. (standard errors ranged from 8.9 
to 25.2). 

To determine whether or not the low 
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the peripheral arterial and venous blood. 
The quantitative contribution of the small 
intestine and the large intestine to the 
development of ammonia toxicity remains 
to be established. 

In summary, these papers indicate that 
ingested proteins may vary greatly in their 
ability to elevate blood ammonia concentra- 
tions. Also, the liberation of ammonia, 
possibly from amide nitrogen, independent 
of bacterial action may be responsible 
for the prompt rise in portal vein ammonia 
after protein feedings. 


B,, METABOLISM 


serum vitamin By. levels in the older people 
were due to the poor diets served in many 
institutions, 114 inhabitants of Baltimore 
living in their own homes were chosen 
at random (these inviduals were part of a 
larger survey conducted by the Department 
of Chronic Illness of the School of Hygiene 
and Public Health, Johns Hopkins Uni- 
versity). Clinical examination of these 
subjects indicated them to be free of de- 
tectable gastrointestinal, blood, urinary 
and liver diseases. There was a progressive 
decrease in the mean vitamin Bj: serum level 
from 284 micromicrograms per ml. for the 
ten to 19-year age group, to 214 for the 
60- to 69-year age group. Each of the pre- 
ceding groups consisted of six to 33 subjects. 
There were only five subjects in the 70 and 
over age group; these had a mean vitamin By. 
serum level of 90 micromicrograms per ml. 

The preceding study was extended by 
G. W. Gaffney and associates (J. Gerontology 
12, 32 (1957)). In this study, blood speci- 
mens on all subjects were obtained in the 
morning, prior to breakfast. The serum 
was assayed for vitamin By. by means of 
the microbiological assay, using Lactobacillus 
leichmannii. Four different groups of sub- 
jects were studied. 

The first group consisted of 89 apparently 
healthy patients of the gerontology section 
of the Baltimore City Hospital. These men 


je 


mM 
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had been on an adequate diet for an indefi- 
nite period of time. The younger subjects 
used in the above group consisted of 55 
physicians and other staff members of the 
Baltimore City Hospital. The second group 
consisted of 97 inmates of a penal institution 
had for at least 
five years. The third group consisted of 161 
residents of Baltimore who were part of the 


who been inearcerated 


chronic illness survey previously mentioned. 
The fourth group consisted of 126 apparently 
healthy residents and employees of a home 
for the aged. In each group, the ages of the 
subjects ranged approximately 20 
to 90 years. Although there was a wide 


from 


spread of the serum vitamin By: levels in 


each group, indicated 


that the serum vitamin By» level decreased 


regression curves 
from approximately 300 micromicrograms 
per ml. at age 20 to about 100 at age 100. 

A report from Sweden suggested that 
there is no difference in the serum vitamin 
Bye levels between younger and older indi- 
viduals. A. Killander (Acta Paediatrica 46, 
585 (1957)) analyzed the blood from 45 
children (one month to 14 years of age) and 
from 89 men and 76 women (15 to 82 years 
of age) for vitamin By by the Euglena 
gracilis method. Most of Killander’s sub- 
jects were hospitalized for various reasons 
other than hematological, hepatic, renal 
and gastrointestinal disorders. For the sub- 
jects below 20 years of age, the vitamin By». 
in the serum averaged about 825 micro- 
ml., with difference 
between the sexes. For the subjects over 
20 years of age, the vitamin Bi in the 
serum averaged 540 micromicrograms per 
ml. for the men, and 454 for the women. 
The latter difference is significant since it 
appeared in each decade, but it is small in 
comparison to the wide spread in values. 

The blood for vitamin By re- 
ported by Killander (loc. cit.) are much 
higher than those of Chow, et al. (loc. cit.) 
or Gaffney, et al. (loc. cit.). According to 
Killander, the lower values of the latter 
workers are partly attributable to the fact 
that cyanide was not added before the 


micrograms per no 


values 
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serum protein was precipitated. Omitting 
the cyanide reduces the vitamin By: level 
to 47 to 76 per cent of that secured when 
the cyanide is used. 

In order to obviate the role of diet as a 
possible cause of the reduced vitamin By. 
Chow (loc. cit.) 
determined the blood levels of rats ranging 
in age from one-half to 36 months. These 
life 
on a stock diet of constant composition. 


levels, and associates 


animals were maintained throughout 


lor both the males and the females, there 
Was a progressive decrease in the serum 
vitamin By value with age, but there was 
no significant difference between the sexes. 
The young rats had a serum vitamin By». 
level of 600 micromicrograms per ml., while 
the oldest animals had a value of 350. The 
regression for the serum vitamin By level 
with age for both sexes was highly significant 
(P < 0.001). 

In view of the reported decline of vitamin 
By serum levels with age, H. H. Draper 
and C. Lowe of the University of Illinois, 
(J. 13, 252 (1958)) studied 
the absorption of vitamin By labeled with 
isotopic cobalt in rats of different ages. The 
animals were maintained on a commercial 
stock diet. They were fasted for 24 hours 
prior to the study. A dose of 0.1 microgram 
of labeled vitamin By 
given by stomach tube. They state that this 
of the the 
approximate daily requirement of the grow- 
ing rat. 


Gerontology 


isotopically was 


quantity vitamin represents 


Feces and urine were collected 
separately during the ensuing 48 hours 
when the rats had access to the stock diet. 
Starting with the animals that were two 
months of age, there was an increase in 


absorption of vitamin By from an average 
of approximately 40 per cent to about 60 
per cent at 16 months of age. There was 
little change with thereafter 
approximately 22 


age until 


22 months, when a precipi- 
tous drop in the absorption occurred to 
about 45 per cent. 

Draper and Lowe (loc. cit.) suggest that 
their observations explain the findings of 
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Chow and co-workers (J. Gerontology 11, 
142 (1956 who found a_ progressive 
decrease in the serum vitamin By levels of 
their rats from one-half month to 36 months 
of age. The poor absorption of vitamin By 
by the younger rats is more than compen- 
sated for by the increased food intake per 
unit of body weight. However, in the older 
animals the food intake falls while the 
absorption of the vitamin slowly decreases 
with a resulting fall in the serum levels as 
the animals become older 

Although a number of reports suggest 
that the serum vitamin By». level in human 
beings decreases with age, the finding is 
probably of no physiological significance. 
For each age group there is a tremendous 
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variation in individual values. For in- 
stance, among the 35-year-olds in one of 
the groups studied by Gaffney et al., (loc. 
cit.) the serum vitamin By levels ranged 
from about 50 to 500 micromicrograms per 
ml.; among the 80-year-old subjects in 
another group, the serum levels ranged 
from about 20 to 400 micromicrograms per 
ml. Furthermore, the report of Killander 
(loc. cit.) indicates that in Sweden, the rela- 
tion between serum vitamin By levels and 
age was not apparent. Finally, since ho 
relation has been reported between any 
other physiological function and these large 
ranges in serum vitamin By levels, the 
age trend in the vitamin By» serum level is 
of dubious significance. 


STEPWISE WEIGHT REDUCTION 


Two of the most serious problems con- 
fronting the dietitian in efforts to effect a 
weight reduction in obese subjects are: 1) 
poor cooperation on the part of the patient, 
especially when overeating is partially of 
psychological origin; 2) physiological dis- 
turbances during weight reduction leading 
to some concern for the patient’s health if 
the diet is continued. As part of a continuing 
effort to solve these problems, C. M. Young 
and her co-workers investigated the use of a 
high-protein, moderate-fat diet designed to 
maintain nitrogen equilibrium and provide 
as satisfying a diet as possible at a reduced 
caloric level (Young, J. Am. Dietet. Assn. 
28, 410, 529 (1952); Young, I. Ringler and 
B. J. Greer, Ibid. 29, 890 (1953); Young, 
E. L. Empey, V. U. Serraon and Z. H. 
Pierce, J. Nutrition 61, 437 (1957); see also 
Nutrition Reviews 18, 259 (1955)). 

Since this diet, when used in a continuous 
weight reduction period, did not appear to 
satisfy either requirement (nitrogen-, phos- 
phorus- and calcium-retention were poor), 
an experiment was designed in which periods 
of weight reduction were alternated with 
“rest periods’ of weight maintenance 


(Young, A. M. Brown, Empey and D. Turk, 
J. Nutrition 64, 203 (1958) 

The subjects were eight obese young men 
with a mean excess weight of 32.4 pounds 
as compared with Metropolitan Life In- 


surance Co. tables of ideal weights for 
various body builds). The diet was the 
“moderate fat’? (50 per cent of calories) 
diet used in previous studies and furnished 
115 g. of protein, 1.0 g. calcium, and 1.5 g. 
of phosphorus daily. An 18-day pre-reduc- 
tion weight maintenance period (1) was 
followed by a 24-day reduction period with 
an 1800 daily calorie intake (II). Following 
this period were a 14-day maintenance 
period (III), a 22-day reduction period (IV), 
a 13-day maintenance period (V) and a 16- 
day reduction period (V1). 

At the end of the program, a mean of 24.8 
pounds had been lost. However, since one 
of the maintenance periods (III) included 
a vacation during which the subjects gained 
from 3 to9 pounds, considerably more weight 
was actually lost on the diet. As had been 
noted previously, as weights decreaséd 
maintenance requirements decreased (from 
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a mean of 3664 calories per day in period | 
to a mean of 3177 calories per day in period 
VY). The amount of weight lost appeared to 
be related directly to the initial weight of 
the subjects and not to activity (an un- 
explained finding at variance with the find- 
Reviews 16, 228 


A wh 


ings of others (Nutrition 
(1958)). 

Although all either in 
balance with respect to nitrogen, calcium 
and 


subjects were 
phosphorus or were retaining these 
elements during the pre-reduction period 
(1), retention was reduced for both nitrogen 
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and phosphorus during calorie restriction, 
to the that 
suffered a loss of 


extent several individuals 


these elements during 
these periods. 

Thus, it appears that, from a physiological 
point of view, little is to be gained by the 
stepwise program of reductions. A question- 
naire at the end of the program revealed 
that six of the eight subjects preferred the 
stepwise to the continuous reductions. The 
other two, who had the greatest emotional 
reaction to dieting, stated that the shortest 
time taken in dieting would be preferable. 


PARAKERATOSIS AND ESSENTIAL FATTY ACIDS 


characterized 
by erythema, seborrhea, hyperkeratosis of 


Parakeratosis in swine is 
the skin, and retardation of growth. It is 
most prevalent in swine 7 to 12 weeks old, 
the period which corresponds to the rapid 
growth period. The disease has some similari- 
“exudative 
epidermitis” as described by L. D. Jones 
(Am. J. Vet. Res. 17, 179 (1956)). The 
preventive and curative effects of dietary 
in 


ties to greasy pig disease, or 


zine parakeratotic swine have been 
reported by a number of investigators 
(Nutrition Reviews 15, 334 (1957)). 

Workers in the College of Veterinary 
Medicine at the University of Minnesota, 
St. Paul, have recently re-investigated the 
etiological parakeratosis and 
have concluded that essential fatty acid 


factors in 


deficiency may be an important etiological 
factor (L. J. Hanson, D. K. Sorensen, and 
H. C. H. Kernkamp, Am. J. Vet. Res. 19, 
921 (1958)). 

In ten normal 
crossbred pigs, seven weeks old, were ob- 
and 16 pigs of 
mixed breeding were obtained from a herd 
where parakeratosis had been in progress 
for one month. Of these 16 pigs, eight were 
affected with the disease. These were placed 
in two lots of four each (lots three and four). 
The eight normal pigs from the affected 


an initial experiment 


tained from one source, 


herd were divided 
and two). 

The Chester Whites 
were placed in two lots of five each (lots 


into two lots (lots one 


normal crossbred 
five and six). The basal ration used consisted 
of the following (in pounds): bran, 100; 
yellow corn, 500; oats, 150; tankage, 75; 


soybean oil meal (solvent process), 150; 
bonemeal, 35; salt, 5; vitamins A and D, 
12.5; and cholorotetracycline, 2.0. This 


is considered a normal ration for swine except 
for its concentration of 
calcium (1.5 per cent) and phosphorus (1.0 
per cent). Earlier studies by others (Nutri- 
tion had 


that a high concentration of calcium in the 


relatively high 


Reviews, loc. cit.) demonstrated 


ration tends to hasten the onset of para- 
keratosis. 

Three lots of pigs (lots one, four and six) 
were fed the above while the re- 
maining three lots (lots, two, three and 


ration 


five) were fed the same basal ration plus 
10 per cent of refined soybean oil (54 per 
cent linoleic acid). The disease-aggravating 
nature of the 
diets was demonstrated. All pigs lost weight 


and disease-precipitating 
during the first week of the experiment. 
Following this there was spontaneous re- 
covery in all lots. However, weight loss was 
less severe and recovery appeared to pro- 
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ceed more rapidly in the pigs fed the basal 
ration plus soybean oil as a source of 
essential fatty acids. 

In a second trial 50 pigs were used, 20 
of which were parakeratotic. Thirty normal 
pigs six to eight weeks of age were distrib- 
uted in six lots of five each. The 20 pigs 
with parakeratosis were also divided into 
four groups of five each. 

The basal ration used was similar to the 
one described above except that the bone 
meal supplement was deleted, reducing 
the calcium and phosphorus levels to 0.7 
and 0.6 per cent, respectively. 

Of the six lots of normal pigs, all developed 
parakeratosis except the lot which received 
the basal ration plus 23 per cent of refined 
soybean oil as a source of essential fatty 
acids. Deleting the bran, tankage, and 
vitamin and antibiotic supplement (low 
energy ration) and supplementing the ration 
with 200 parts per million of zine (as zine 
sulphate) did not prevent the development 
of parakeratotis. 

Feeding the basal ration plus 23 per cent 
of soybean oil to the parakeratotic pigs 
resulted in apparent improvement after 
the fourth day, and by the seventh day 
recovery had advanced to the point that the 
keratinous material was sloughing off. The 
basal ration alone resulted in more advanced 
skin lesions with a progressively more severe 
parakeratosis. Reducing the energy in the 
ration resulted in gradual improvement in 
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the skin condition. Zine supplementation 
of the basal ration produced a response which 
appeared to be somewhat more delayed than 
the response observed with soybean oil. 

The authors conclude that essential fatty 
acid deficiency, created by excessive use ot 
growth stimulants which places unusual 
demands upon the rate of biosynthesis of 
unsaturated fatty acids, may be an etiologi- 
cal factor in swine parakeratosis. They 
point out further that high levels of dietary 
calclum may precipitate the disease by 
interfering with the normal absorption of 
fatty acids from the gastro-intestinal tract 
As pointed out by these workers, and as 
is well known, swine rations are generally 
quite low in fat; perhaps not enough atten- 
tion has been directed toward establishing 
the requirement for fat in rapidly growing 
pigs. 

It is unfortunate that these interesting 
studies did not include any data on the zine 
content of the basal rations employed. This 
would seem desirable and particularly 
pertinent in view of the frequent reports in 
the literature which ascribe both preventive 
and curative properties to this trace element 
in swine parakeratosis. The authors do 
stress that zine should still be considered 
the preferred treatment for parakeratosis 
in view of its relatively low cost. 

The proposed etiological role of fat- 
deficiency in swine parakeratosis obviously 
deserves further investigation. 


PATHOLOGY OF ARGININE DEFICIENCY 


It is common to describe the various 
clinical signs and symptoms of nutritional 
deficiencies, but too often no attempt is 
made to establish the pathologic basis for 
the syndromes. Often the nutrition experi- 
mental laboratory has neither the necessary 
equipment nor the professional staff quali- 
fied in pathology. In this connection the 
recent cooperative studies by workers at 


the University of Connecticut, Storrs, 


and the University of Illinois, Urbana, are a 
fine example of how knowledge gained in a 
nutrition experiment is augmented by the 
application of several disciplines, including 
pathology (EK. L. Jungherr, J. M. Snyder 
and H. M. Scott, J. Nutrition 65, 281 
(1958)). 

In earlier studies, the Illinois workers 
had established that the arginine require- 
ment for the chick was 1.73 per cent of the 
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diet when the diet contained 22 per cent of 
casein (J. M. Snyder, W. D. Morrison, 
and H. M. Scott, Poultry Sci. 35, 852 
(1956)). Symptoms of arginine deficiency 
noted on the basal diet plus 0.3 per cent of 
arginine (total arginine, 1.03 per cent) were 
stunted growth, ruffled feathers, goose step- 
ping, and ataxia. 

Somewhat earlier studies at the University 
of California had strikingly 
similar syndrome on a similar diet, and the 


indicated a 


condition was concluded to be due to mag- 
nesium deficiency since the diet contained 
only 0.025 per cent of magnesium (F. H. 
Bird, J. Nutrition 39, 13 (1949)). 

The recent cooperative studies by the 
Illinois and Connecticut laboratories were 


conducted 


to establish a pathological basis 
for the symptoms noted and to determine 
the role of both arginine and magnesium. 
Male chicks mating of New 
Hampshire males and Columbian females 


from a 


were fed the experimental diets in the 
three weeks and 
killed by exsanguination. Portions of brain, 
adrenal, gonad, heart, liver, kidney and 


Illinois laboratories for 


spleen were fixed (10 per cent formol-saline, 
2 per. Bouin’s 
and Carnoy’s) and shipped to the Connecti- 
cut laboratory for processing and histologic 


cent acetated formol, or 


examination. 

The basal diet used contained 22 per cent 
and fortified with known 
except for magnesium (basal 
level, 0.025 per cent) and arginine (basal 
level, 1.06 The experimental 
treatments included the following: basal 
only; basal plus 0.15 per cent of MgSO,- 
7H.O; basal plus 0.9 per cent of L-arginine: 


of casein was 


essentials 


per cent). 


HCl; and basal plus both magnesium and 
arginine at the levels indicated. 

None of the visceral organs except the 
liver exhibited consistent gross or micro- 
scopic lesions that could be associated with 
the rations. It was noted that arginine- 
deficient chick liver cord cells had enlarged 
nucleoli. 

In an attempt to assess the ration-induced 
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diffierences in the appearance of the liver 
LOO 


were 


cord cells on a quantitative basis, 


nuclei and corresponding nucleoli 
measured in 11 slides per treatment group, 
a total of 1,100 nuclei per treatment. The 
the 


earlier qualitative observations. The nucleoli 


micrometer measurements confirmed 
of the arginine-deficient chicks had a mean 
diameter of 1.82 microns, almost twice that 
of 0.99 microns for the arginine-supple- 
mented chicks. The nuclei of the arginine- 
deficient chick liver cord cells had a mean 
diameter of 5.42 microns, compared with a 
diameter of 


mean $95 for the arginine- 


supplemented group. Magnesium supple- 


mentation appeared to have a hydrating 
effect on the liver cord cells, which mini- 
mized, but did not erase, the morphologic 
effect of the arginine deficiency. 
Histochemical studies were conducted to 
determine whether the large nucleolar body 
in liver cord cells in arginine-deficiency 
represented a hypertrophied nucleolus or 
an aggregation of chromcenters. The former 
consist largely of ribonucleic (RNA) and 
the latter mainly desoxyribonucleic 
acid (DNA). In general, the histochemical 
that the 
primarily of 


are 


tests indicated large nuceolar 


RNA _ and 


represented a hypertrophied nucleolus. Ar- 


body consisted 
ginine thus appeared to be an important 
factor for the morphological integrity of 
the nucleolus, particularly with respect to its 
RNA content. 

In earlier Bird 


alterations 


(loc. cit.), 
had 
described in the cerebellar Purkinje cells of 
the 
changes, and decreased staining affinity of 


studies by 


various pathologic been 


brain (swelling, tigrolysis, nuclear 
their dendrites). In the present study, the 
data obtained with careful histologic studies 
of 1,200 Purkinje cells from each treatment 
group failed to reveal any specific lesion that 
could be associated with treatment. 
Although the enlarged nucleoli of liver 
cord cells appear to represent a true ab- 
normality ascribable to arginine deficiency, 
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it is difficult to see how such a change would 
explain such a gross symptom as ataxia. 

There are, of course, relatively few 
entities with a known pathological basis 
when one considers the large number of 
known nutritional deficiencies. The best 
known example, perhaps, is the squamous 
metaplasia which is almost pathognomonic 
for vitamin A deficiency. Even here there 
appear to be ‘“‘target organs” varying with 
species. For example, in vitamin A deficiency 
in the chick this lesion is first seen in the 
mucocutaneous junction of the nasal sep- 
tum, but in cattle it is first seen at the 
mucocutaneous junction of the parotid 
gland duct. 

The studies by the Illinois and Connecti- 
cut workers are of particular interest because 
our knowledge of pathology associated with 


FOLACIN AND 


Folacin is thought to be part of an enzyme 
which mediates the synthesis of purines. In 
the mold Eremothecitum ashybii, and in a 
strain of Saccharomyces cerevisiae, supple- 
mentations of certain purines have- been 
shown to stimulate production of riboflavin 
(T. W. Goodwin and 8. Pendlington, Bio- 
chem. J. 66, 24P (1954); K. V. Giri and D. R. 
Krishnaswamy, J. Bacteriol. 67, 309 (1954)). 
It has also been suggested that folacin may 
supply a pteridine which is incorporated into 
the riboflavin molecule (H. A. Nathan, 
S. H. Hunter and H. L. Levin, Nature 178, 
¥41 (1956)). 

W. E. Clapper and G. H. Meade (J. 
Bacteriol. 76, 48 (1958)) have reasoned that 
in either of the above cases a bacterium 
which requires folacin but not riboflavin for 
growth might produce riboflavin in propor- 
tion to the folacin supplied. If this is true it 
should be possible to produce cells deficient 
in riboflavin by withholding folacin. These 
cells should show a disturbed metabolism in 
reactions dependent upon riboflavin and 
such reactions might respond to addition 
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amino acid deficiencies is most fragmentary 
The same could be said for the mineral 
elements. 

The authors point out the nucleolar 
hypertrophy in the liver cell thus far has 
been reported only as a non-specific condi- 
tion. It has been seen in rats fed thio- 
acetamide, a product used for the control of 
orange decay, (L. J. Rather, Bull. Johns 
Hopkins Hosp. 88, 38 (1951)), and in rats 
subjected to partial hepatectomy (R. E. 
Stowell, Arch. Path. 46, 164 (1948)). 

It is obviously of interest to know whether 
arginine deficiency in other species would 
result in nucleolar hypertrophy of liver 
cells. Similarly whether or not this lesion 
would be seen in deficiencies of other amino 


acids is of primary interest. 


RIBOFLAVIN 


of the vitamin. To study this possible 
mechanism under controlled conditions they 
chose a sulfathiazole-resistant folacin-requir- 
ing strain of Streptococcus faecalis, strain 6S 
derived from a culture of S. mitis. This 
strain was produced by transferring a strain 
of S. mitis in tryptose phosphate broth con- 
taining increasing concentrations of sulfa- 
thiazole. Biochemical and serological tests 
showed it to be S. faecalis. The organisms 
were grown at 37°C or at room temperature 
on a synthetic medium such as that described 
by T. J. Nevin (Ibid. 67, 217 (1954)). 

In an initial experiment, 100 ml. of Nevin 
broth minus riboflavin and with 0.1, 1, and 
10 millimicrograms of folacin added were 
placed in flasks and inoculated with 1 ml. 
of a washed suspension of S. faecalis. The 
cells were harvested after 48 hours; aliquots 
were removed to determine dry weight of 
cells and the remainder were placed in boiling 
water for 30 minutes. When the supernatant 
solution was assayed for riboflavin content 
it was found that, in most of the samples, 
the riboflavin of the cells increased in pro- 
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portion to the concentration of folacin in 
the growth medium. Since there was usually 
a concomitant increase in turbidity, the 
higher riboflavin content could be a function 
of growth. This was confirmed by growing 
cells in a medium containing 10 millimicro- 
grams per ml. of folacin and harvesting at 
24, 36 and 48 hours. Higher turbidities were 
observed at the 36 and 48-hour intervals, 
and the riboflavin content of these cells was 
found to be correspondingly higher. 

Increasing the calcium pantothenate con- 
centration in the presence of optimum folacin 
further increased growth and riboflavin. A 
high concentration of sulfathiazole (10 mg. 
per ml.) resulted in retarded growth, and 
cells obtained from such cultures contained 
less riboflavin than did controls. 

Next, an attempt was made to determine 
the dependence of riboflavin synthesis on 
folacin in non-proliferating cells. S. faecalis 
inoculated into riboflavin-free Nevin 
broth containing varying amounts of folacin 
but no Ca pantothenate. It was found that 
under these circumstances of inhibited cell 


was 


multiplication, folacin was again necessary 
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for the synthesis of riboflavin. Lowering 
the temperature to 4°C resulted in no syn- 
thesis of riboflavin even in the presence of 
folacin, nor was there any cell proliferation. 

Oxidation of pyruvate is dependent on 
riboflavin-containing enzymes. It was there- 
fore of interest to note that pyruvate oxida- 
tion in riboflavin deficient cells was increased 
by addition of riboflavin. 


The authors suggest that the positive 
relationship between the concentration of 
folacin in the medium suspending non- 


proliferating cells and the riboflavin syn 
thesized indicates that folacin may be broken 
down by S. faecalis to a pteridine and then 
incorporated into the riboflavin molecule. 
The distinct possibility exists, however, that 
the relationship is not so direct but is far 
removed from the active synthetic process. 
It is obvious that folacin cannot totally sub- 
stitute for. riboflavin in mammals, but it 
would be interesting to determine if some 
vestiges of these mechanisms are present in 
animals somewhat higher on the biological 
scale than bacteria. 


VITAMIN A AND THE ADRENAL CORTEX 


The observation that there is a fall in 
the extent of incorporation of C™ from 
labeled acetate, lactate and glycerol into 
liver glycogen in vitamin A-deficient rats 
has been reported by G. Wolf, M. D. Lane 
and B. C. Johnson (Nutrition Reviews 16, 
17 (1958)). In a more recent paper (G. 
Wolf, S. R. Wagle, R. A. Van Dyke and 
B. C. Johnson, J. Biol. Chem. 230, 979 
(1958)), extending their earlier work, evi- 
dence is presented which suggests that this 
is an indirect effect of vitamin A deficiency 
due to adrenal cortical insufficiency. 

Two types of experimental procedures 
were used in this study. The first series of 
experiments consisted of measurements of 
the extent of conversion of fructose and 
fructose phosphates into glucose by liver 


from vitamin A _ deficient 


non-deficient 


homogenates 
and rats. The objective of 
these experiments was to determine whether 
vitamin A deficiency affected the activity 
of an enzyme involved in glucose synthesis. 
The second series of experiments consisted of 
measurements of the incorporation of C" 
from carbon-l-labeled acetate into the 
liver glycogen of intact vitamin A-deficient 
and non-deficient rats and of adrenalec- 
tomized rats treated in various ways. 

As fructose is converted to glucose in- 
directly through dihydroxy acetone phos- 
phate and phosphoglyceraldehyde (Nutrition 
Reviews 12, 154 187 (1954); 14, 52 (1956)) 
a lowering of the activity of any of the 
enzymes involved in the conversion of these 
three-carbon compounds into glucose should 
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result in a reduction in the rate of formation 
of glucose from fructose. To test for the 
presence of such a defect, homogenates of 
liver from vitamin A-deficient rats and 
from non-deficient pair-fed control animals 
were incubated for two hours with C™ 
labeled fructose in the presence of adenosine 
triphosphate, both with and without glu- 
tamic acid. The amount of fructose remain- 
ing and the amount of glucose formed 
during the incubation period were deter- 
mined colorimetrically. The two carbohy- 
drates were then separated by paper chroma- 
tography and the amount of radioactivity 
in each was determined. 

Liver homogenates from vitamin A-de- 
ficient rats converted fructose to glucose as 
readily as did homogenates from non-de- 
ficient rats; therefore, the authors concluded 
that vitamin A deficiency does not affect 
the activities of the enzymes required for 
glucose synthesis. They had _ previously 
shown that the conversion of glucose to 
glycogen was not impaired by vitamin A 
deficiency (Nutrition Reviews 16, 17 (1958)). 
They also observed that oxidative phos- 
phorylation by mitochondrial preparations 
from vitamin A-deficient rats was normal. 

The subsequent experiments were directed 
toward finding evidence for an_ indirect 
effect of vitamin A deficiency on. gluconeo- 
genesis. Since it had been shown that a diet 
marginal in vitamin A caused histological 
changes indicative of adrenal cortical de- 
rangement (Lowe, et al., Nature 172, 716 
(1953)), the possibility that adrenal cortical 
insufficiency was responsible for the defect 
in gluconeogenesis was examined. It was 
found that cortisone treatment increased 
the amount of €' from acetate incorporated 
into liver glycogen by vitamin A deficient 
rats injected with labeled acetate and non- 
radioactive glucose. Also, although adreno- 
corticotropic hormone (ACTH) stimulated 
the incorporation of acetate carbon into 
glycogen in a slightly deficient rat, it failed 
to do so in one that was severely deficient. 
Unfortunately, however, this experiment 
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did not include control animals comparably 
deficient but not treated with ACTH. 

Finally, a time study was performed in 
which it was found that vitamin A deficiency 
did not depress the incorporation of C™ 
from acetate into liver glycogen until the 
rats had almost stopped gaining weight. 
Incorporation fell off very markedly when 
the animals had begun to lose weight. It is 
evident from the values for the pair-fed 
control animals in this experiment that a 
decrease in food intake also caused a de- 
crease in the extent of C™ incorporation. 
This effect was almost as great as that of the 
mild deficiency but was much less than that 
of the severe deficiency. 

Histological studies confirmed the ob- 
servations of Lowe, et al. (loc. cit.) that vita- 
min A deficiency causes degenerative changes 
in the adrenal cortex. 

Although this paper provides evidence of 
adrenal cortical insufficiency in vitamin A- 
deficient rats, several rather pertinent 
queries remain unanswered. The first of 
these would question the extent of the 
variation among the animals within a single 
group. Since each group consisted of a single 
animal, even though some treatments were 
repeated in different experiments, no meas- 
ure of the variation that might be expected 
was obtained. 

On the other hand, how legitimate is it 
to equate the incorporation into glycogen 
of C from carbon-l-labeled acetate with 
glyconeogenesis? There is no evidence to 
suggest that there can be net synthesis of 
glucose from acetate because one acetate 
molecule is oxidized for each one that 
enters the tricarboxylic acid cycle. Acetate 
carbon found in glucose would therefore 
presumably arise from the formation of 
oxaloacetate from C-labeled carbon diox- 
ide from acetate and from pyruvate. 

In the previous study (Nutrition Reviews 
16, 17 (1958)) in which both acetate and 
lactate were injected, incorporation of C™ 
from these compounds was incorporated 
to the same extent into the liver glycogen 
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of vitamin A-deficient and control 


animals fed ad libitum, whereas in pair-fed 


rats 


control animals, suffering the stress of food 
restriction, incorporation was greater (Wolf 
et al., loc. cit.). Are pair-fed control animals 
most appropriate for this type of study? 
Further, although in one experiment the 
incorporation of C'™ from labeled glucose 
into liver glycogen was as high in the vita- 
min A deficient rat as in the pair-fed control 
animal (Wolf, et al., in every 
comparison, both in the previous work and 


loc. cit.), 
in the present, much less glycogen was 
deposited by the deficient rats than by the 
normal rats. Since the rats were starved for 
24 hours before each experiment and should, 
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therefore, have had negligible liver glycogen, 
most of the glycogen must have been formed 
from the unlabeled glucose that was injected 
with the acetate. It would, therefore, appear 
from the quantitative data alone that the 
deficient rat synthesizes less glycogen from 
glucose than does its pair-fed control. 
Finally, how specific are these effects for 
vitamin A It 


deficiency? would 


seem 
important, before accepting these observa- 
tions as characteristic of vitamin A defi- 


ciency, to know whether other deficiencies 
may cause similar changes in the adrenal 
and in the incorporation of labeled carbon 
from two-and three-carbon compounds into 
liver glycogen. 


RESTORATION OF FAT SYNTHESIS AFTER FASTING 


Since the observation by G. E. Boxer and 
De. W. Stetten, Jr. (J. Biol. Chem. 163, 607 
(1944)) that deuterium from body water is 
less readily incorporated into fatty acids of 
rats on a restricted diet than in those of rats 
on an adequate diet, many studies have been 
carried out on the relationships of nutritive 
state and fatty acid synthesis. 

J. Lyon, M.S. Masri and I. L. Chaikoff 
(J. Biol. Chem., 196, 25 (1952)), for example, 
found that fatty acid synthesis by liver slices 
of animals was influenced markedly by their 
previous nutritional state, an 18-hour fast 
resulting in a 90 per cent decrease in in- 
corporation of labeled acetate. The highest 
rate of synthesis was in liver slices from rats 
which, after a fast, had received an oral ad- 
ministration of glucose (Lyon, et al.; G. 
Medes, A. Thomas and 8S. Weinhouse, J 
Biol. Chem. 197, 181 (1952)). The exact 
mechanism by which fasting inhibits in- 
corporation of acetate into fatty acids, how- 
ever, has not been clear. 

In order to gain further insight into the 
relationship of fasting and fatty acid syn- 
thesis, G. N. Catravas and H. 8S. Anker 
(J. Biol. Chem. 232, 669 (1958)) studied 
fatty acid synthesis in the livers of fed and 


fasted female rats. In confirmation of 
previous results, homogenates from the livers 
of the fasted rats incorporated only one 
fourth as much carboxy-labeled acetate as 
did those from normal rats even under optimal 
conditions (additional Mg.**, nicotinamide, 
DPN and, especially, citrate). When the 


homogenates were separated by centrifuga- 


tion into mitochondria, microsomes and 
supernatant fluid, it was found that the 
microsomal fraction was without effect. 


Mitochondria from both types of animals 
incorporated only minimal amounts of iso- 
tope, and the supernatant fractions only 
slightly more. Either supernatant fraction 
plus mitochondria from the fed rats gave 
maximal incorporation. Since mitochondria 
from the fasted rats had no effect, it was 
evidently in this fraction that further search 
had to be directed. 

Boiled extracts of yeast and of liver and 
liver mitochondria from fed rats were effec- 
tive in increasing acetate incorporation in 
homogenates from livers of fasted rats but 
either did not affect incorporation in those 
from fed rats or were actually inhibitory. 
Several likely compounds were tried as 
activators of fatty acid synthesis, but none 
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proved effective, and yeast extract proved to 
be the best source of active material. In an 
attempt to concentrate the activator, the 
authors 
through and Dowex-50, 
effecting a 400-fold purification. Although 
the actual structure of the active material 


passed it, in aqueous solution, 


Dowex-1-formate 


was not ascertained, it was apparent that it 
was a polar compound (insoluble in organic 
solvents) with no charged groups (not ab- 
sorbed on acidic or basic ion exchange resins) 
and of fairly low molecular weight (slowly 
dialyzable). 

The authors were able to draw several 
additional conclusions from these experi- 
ments. First, since mitochondria were neces- 
sary for maximal fatty acid synthesis and 
since they alone seemed to carry the acti- 
vator, it appeared that this fraction is the 
site of both degradation and synthesis of 
fatty acids. The contrary results of others 
(J. W. Porter and A. Tietz, Biochem. Bio- 
phys. Acta 25, 41 (1958); R. G. Langdon, 
J. Biol. Chem. 226, 615 (1957)) were ex- 
plained by solubilization of mitochondrial 
enzymes during manipulation. 

Second, it was found, in agreement with 
the work of others (e.g., 1. Zabin, J. Biol. 
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Chem. 189, 355 (1951)) that although the 
system from the fed animals apparently 
effected total synthesis of long chain fatty 
acids from acetate (since the carboxy carbon 
had about twice the activity of the average), 
the homogenates from fasted animals carried 
out partially an elongation of existing fatty 
acids (since the carboxy carbon was almost 
three times the average). Yeast extract re- 
stored the normal type of synthetic process. 


In considering a possible mechanism for 


this action, the authors concluded that 
since the enzymes concerned with fatty acid 
synthesis are apparently normal in the 


fasted rat, one of two possibilities is likely. 
Kither fatty acid oxidation is inhibited and 
breakdown products of carbohydrates in- 
crease until fatty acid synthesis is favored, or 
interaction of a critical intermediate with 
the fatty acid synthesizing system is pro- 
moted. However, since several groups have 
found that acetate oxidation, at least, is un- 
affected by fasting (Lyon, et al.; Medes, 
et al.), the latter possibility may be favored. 
Isolation and characterization of the active 
component will contribute decisively toward 
elucidating the mechanism of its function. 


DIET AND GLUCOSE TOLERANCE 


J. A. Uram, L. Friedman and O. L. Kline 
(Resumes des Communications, 4th Interna- 
272 Paris 
(1957) ) initiated their studies on activity 
of pancreatic digestion in rats by measuring 


tional Congress of Nutrition, p. 


the blood sugar levels following a dose of 
starch given by stomach tube. The marked 
differences in the blood sugar levels in 
animals maintained on different diets sug- 
gested that the increase in the blood sugar 
level was related to the previous dietary 
history of the animal. 

As an extension of these preliminary 
studies, Uram, Friedman and Kline (Am. 
J. Physiol. 192, 521 (1958) ) found that the 
level of fat and sucrose in a purified diet had 
practically no effect on the height of the 


blood sugar curve following an oral dose. 
This true when the 
calories in the diet from sucrose and fat 
were in diet A, 25 and 53 and in Diet B, 
66 and 12, respectively. In both cases, the 
rats had been starved for 24 hours and then 
were given by stomach tube a 40 per cent 
glucose solution at the rate of 4 g. per kg. 
of body weight. The maximum blood glucose 
levels in the rats fed the above diets were 
160 to 180 mg. per 100 ml. of blood one hour 
after giving the glucose dose. Rats fed a 
stock diet composed of natural products 
showed maximal blood sugar levels of 110 
mg. (in the two-hour blood sample) under 
similar circumstances. Four hours after the 
dose was given, the blood glucose concen- 
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tration in all rats was approximately 75 
mg. per cent. 
Friedman (Loc. cit.) 
believe their work suggests the presence of a 


Uram, and Kline 
dietary factor which increases the rate of 
removal of sugar from the blood following 
an oral glucose tolerance. This is based on 
the following: The high glucose tolerance 
curve of the rats fed the purified diet could 
be reduced by feeding the stock diet for 
two weeks. Since the blood glucose levels 
in all groups at the end of four hours is 
approximately the same, the investigators 
concluded that there were no differences in 
the rate of absorption of glucose from the 
gastrointestinal tract. 

Additional suggestive evidence for the 
presence of a dietary factor which influences 
the rate of removal of glucose from the 
blood has been presented by K. Schwarz and 
W. Mertz (Arch. Biochem. and Biophys. 
72, 515 (1957) ). They used male Sprague- 
Dawley rats weighing about 150 g. These 
had maintained on a 30 
per cent Torula yeast ration supplemented 
with 50 mg. per cent DL-y-tocopheryl 
acetate. The latter was used to prevent the 
dietary liver produced the 
above diet Reviews 149 
(1958) ). 


animals been 


necrosis 
(Nutrition 


by 


16, 


When 125 mg. of glucose were given per 
100 g. of body weight, Mertz and Schwarz 
(Arch. Biochem. Biophys. 58, 504 
(1955) ), found that the removal of excess 
blood glucose occurred at the rate of 2.4 per 
cent per minute. When similar experiments 
were carried out on rats fed the McCollum 
diet (containing ground whole 
wheat, whole milk powder, corn oil, casein 


and 


lactating 


and salts), the removal rate was 4.2 per cent. 
A purified casein-sucrose diet containing all 
the ingredients necessary to produce rapid 
increases in body weights of rats resulted in 
a glucose removal rate of 1.5 per cent. 

Schwarz and Mertz (Loc. cit.) were able 
to produce a concentrate from defatted pork 
kidney powder which, when given as a single 
dose by stomach tube at the rate of 100 ug. 


per 100 g. of body weight, increased 
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the blood glucose removal rate of the rats 
fed the E supplemented Torula 
yeast ration from 2.2 per cent to 4.5 per cent. 


vitamin 


The response was apparent 18 hours after 
giving the concentrate by stomach tube. 
The substance responsible for the above 
effect the 
Factor) differs from the Factor 3 
(Nutrition Reviews, op. cit.) since Schwarz 
and Merz (Loc. cit.) noted that neither in- 


(designated Glucose Tolerance 


of Schwarz 


organic selenium nor highly purified Factor 
3 concentrates had any effect on the rate of 
removal of glucose from the blood. Both of 
the latter 
curing 


are effective in preventing or 
which 
develops when rats are fed the unsupple- 
mented Torula yeast ration. 

A recent report these investigators 
(W. Mertz and K. Schwarz, Fed. Proc. 
17, no. 1 (1958) ) indicates that a number 
of stock 
blood glucose removal rates. 


the dietary liver necrosis 


by 


commercial diets produce low 

The significance of the above observations 
still has to be established. It is difficult to 
assess the influence of the differences in blood 
sugar levels following a dose of glucose upon 
other physiological functions. Whether these 
dietary factors will ever become important 
is questionable at the moment since rats 
can grow and reproduce on rations that 
appear to 
factor(s). 

It should be pointed out that the tech- 
nique used by Schwarz and Mertz is very 
similar to that of 8S. 8. Chernick and R. O. 
Scow (Am. J. Physiol. 192, 517 (1958) ). 
They also used Sprague-Dawley rats weigh- 
ing approximately 150 g. Their animals 
were fed a purified diet of casein, dextrin, 


be deficient in the postulated 


corn oil, salts and vitamins. They observed 
that the rate of removal of excess glucose 
from the blood of these animals was from 
6.7 to 8.7 per cent when the rate was cal- 
culated on the basis of the change in blood 
sugar levels between the tenth and the 
thirtieth minute after giving the intravenous 
dose. This rate dropped to 4.5 to 6.6 per cent 
when the calculation was made on the ba- 
sis of the blood sugar levels at the thirtieth 
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and sixtieth minutes. Even the latter figures 
are considerably higher than those reported 
by Schwarz and Mertz for their “normal 
rats.” The purified diet on which Chernick 
and Seow (Loc. cit.) secured their normal 
rates of blood glucose removal is similar to 
the one reported by Mertz and Schwarz (Loc. 
cit.) as producing the lowest removal rate. 

The work of Chernick and Scow (Loc. cit) 
indicates that factors other than the diet 
play an important role in regulating the rate 
of removal of glucose from the blood. They 
found that hypophysectomy markedly re- 
duced this rate, especially during the first 
30 minutes after injecting the glucose. The 
slopes of the curves (log of excess blood 
glucose versus time), and therefore the rates 
for glucose removal, are the same for both 
the operated and control rats during the 
second half of the glucose tolerance period 
(30 to 75 minutes). This observation sug- 
gests that during the course of the glucose 
tolerance, some physiological change(s) may 
have occurred in the processes controlling 
the blood sugar level. 

The above investigators point out that the 
blood glucose level at any particular moment 
is the result of two opposing forces, those 
adding glucose to, and those removing 
glucose from, the blood. The first of these 
factors is probably related to the level of 
glycogen in the liver, while the latter is 
probably influenced by the peripheral uptake 
of glucose. A consideration of these factors 
is important before one can accept the 
suggestion that a new dietary component 
exists which regulates the removal of glucose 
from the blood. No evidence has been pre- 
sented by Schwarz and Mertz as to the in- 
fluence of their diets on the liver glycogen 
stores of the rats. There is a possibility that 
something inherent either in their experi- 
mental procedure or diets may be responsi- 
ble for some of their observed effects. 

The work of Uram, Friedman and Kline 
may possibly be explained by variations in 
the rate of absorption of the glucose from 
the intestinal tract of the animals fed the 
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different diets. They suggest that the oat- 
meal diet used by von Noorden 50 years ago 
for treating diabetic individuals was support- 
ing evidence for their hypothesis that a 
dietary factor exists which regulates the re- 
moval of glucose from the blood. C. von 
Noorden (Clinical Treatise on the Pathology 
and The rapy of Disorders of M« tabolism and 
Nutrition, Ek. B. Treat & Co.. New York, 
Part VII (1905)) 


ing 250 g. of oatmeal per day reduced the 


showed that a diet contain- 


urinary glucose excretion in severe cases of 
diabetes. Recent reports suggest that the 
improved condition of the diabetic indi- 
viduals fed the oatmeal diet (or the rice diet 
of von Duering, or the potato diet of Mossé: 
see von Noorden, Loc. cit.) is due to the 
inanition that frequently accompanied the 
dietary regimen (G. G. Duncan in Diseases 
of Metabolism, edited by G.G. Duncan, W. B. 
Saunders Co., Philadelphia (1952 

Krom an historical standpoint, it may be 
worthy of note that one of the early reports 
on glucose tolerance curves appeared in the 
paper by A. T. B. Jacobsen of Copenhagen 
(Biochem. Zeits. 56, 471 (1913)). He found 
that the blood sugar levels of his normal 
men showed what we now recognize as a 
normal glucose tolerance curve only when 
carbohydrate foods (glucose and _ starch) 
were fed; fats (olive oil) and protein (gela- 
tine) produced no change in the blood glu- 
cose level. Three to four hours after break- 
fast, he took a blood sample and then gave 
the subject from 80 to 100 g. of the test 
foods. Additional blood samples were taken 
at one-half hour intervals thereafter. When 
the blood sugar values were plotted against 
time, the curves for the carbohydrate meal 
were similar to those that we now associate 
with a typical glucose tolerance. 

The work of the two groups of investi- 
gators on the postulated presence of dietary 
factors regulating the removal of glucose 
from the blood following a dose of glucose is 
intriguing and should engender additional 
work leading to an elucidation of the mech- 
anisms operating in these cases. 
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HEAT PRODUCTION DURING INJURY 


During the period of recovery from acci- 
dental trauma or surgery, it has been tacitly 
assumed that the patient or experimental 
animal has an increased energy requirement 
in order to carry out reparative processes. 
It is known that the fabrication of tissue is a 
process which requires energy. It also has 
been reported recently that certain catabolic 
processes may also require energy. 

In line with this reasoning it has been 
found (Nutrition Reviews 16, 196 (1958)) 
that to approach nitrogen equilibrium in the 
postoperative patients one must supply them 
with amounts of nitrogen and calories in 
excess of that which they would normally 
require. Other than this indirect evidence, 
until recently little information has been 
available as to the energy output of the 
post-traumatic person or animal. 

A. B. Cairnie, R. M. Campbell, J. D. 
Pullard and D. P. Cuthbertson (Brit. J. 
Exp. Path. 38, 504 (1958)) have reported on 
the energy production in rats following a 
traumatic injury. Using a gradient layer di- 
rect calorimeter operating on the Benzinger 
Kitzinger principle, they measured the 
change in the heat production following in- 
jury to a group of rats fed on two different 
diets. 

Nine male hooded rats were maintained in 
individual cages inside the calorimeter, and 
their total metabolic rate was measured for 
22 hours of each day for four consecutive 
days. Once a day the animals were moved 
from the calorimeter, weighed, given fresh 
food and water, and returned to the calorim- 
eter. About one half hour was required for 
this care and one-half 
was allowed for the calorimeter to reach 
equilibrium before the day’s study was 
begun. 


another hour and 


varried out. 
During the first series, the animals were fed 
a diet which contained 20 per cent protein 
and provided 3.9 calories per gram. In the 
second animals were 


Two series of studies were 


series, nine fed ad 


libitum a diet which had only one-tenth of a 
per cent protein and provided 4.2 calories 
per gram of food. The animals were given 
this diet week before beginning the 
metabolic studies. In each study there were 
four days of control; the animals were then 


one 


anesthetized, a small incision was made in 
the skin, the muscle sheaths were separated 
using blunt dissection and the femur was 
snapped at its mid-ooint. The wound was 
closed with one stitch. This procedure was 
used in both series of studies. 

To check the effect of the short period of 
ether anesthesia (required for the surgery 
involved) on the general metabolism, the 
animals were anesthetized on the fifth day 
postoperatively. It was found to induce no 
effect on the subsequent metabolic rate. 

During the control period on the diet 
containing protein, it was found that the 
average rat was producing 145 calories per 
Kg.°-7> per day. This would amount to 
about 66.1 calories per 350 g. rat per day. 
The animals ate the adequate diet well all 
during the post-traumatic period. The first 
day after fracture heat production remained 
the same as during the control period; it 
maximum of 152 per 
Kg.°-7> per day on the third day. The 
metabolic rate gradually declined after this 
peak and returned to the preoperative level 
nine days after fracture. The peak metabolic 
rate was found to be 69 calories per 350 g. 


rose to a calories 


rat per day. 

Because of space limitations in the gradi- 
ent calorimeter it was not possible to collect 
urine in this series of rats. However, the in- 
vestigators set up another series of animals 
under identical conditions, but not in the 
calorimeter, and urine samples were col- 
lected from these animals. From the nitro- 
gen excretion they calculated the protein 
metabolized and estimated the heat pro 
duced in its metabolism. The average nitro- 
gen loss in the urine by the rats during the 
preoperative period was 380 mg., and on the 
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third day following fracture it reached a 
peak of 478 mg. 

Thus, the heat provided by protein was 
found to be 30 calories per Kg.°-7> per day 
and at the maximum nitrogen excretion the 
heat production due to protein reached 37 
calories per Kg.°-7> per day. The increase in 
rate of protein metabolism was plotted and 
found to produce a curve which agreed 
closely in shape and magnitude to that of 
the increased heat production following the 
fracture. 

In the second series of studies, nine rats 
were maintained on a nearly protein free 
diet and it was found that they did not have 
an inereased total metabolism following the 
trauma. This practically protein free regi- 
men was used because it had been shown 
earlier by H. N. Munro and D. P. Cuth- 
bertson (Biochem. J. 37 Proc. xii (1943)) 
that a postinjury rise in the excretions of 
urinary nitrogen did not occur in animals 
maintained on a protein free diet. 

Since these animals had been on a protein 
free diet for a week before the study (11 
days), the average weight of the animals 
fell from 313 to 278 g. The animals ate 
poorly following the fracture and showed a 
marked decrease in total metabolism on the 
day of the injury. In these animals there 
was no increase in total metabolism as meas- 
ured on the calorimeter after the fracture. 
Also, there was no evidence of increased 
rate of protein metabolism. 
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Karlier, Cuthbertson (Quart. J. Med. 1, 


new series, 233 (1932 


studied the nitrogen 
metabolism in patients with fractures or 
operations involving bones. In these indi- 
viduals he also determined the basal oxygen 
consumption. By using the commonly ac- 
cepted figure that 5.9 L. of oxygen is used 
when 1 g. of urinary nitrogen is formed from 
protein, he calculated the fraction of the 
total oxygen consumption during the basal 
period which was due to protein metabolism 
It was found that the increase in the basal 
oxygen consumption was of the same order 
of magnitude as the increased oxygen re- 
quirement for protein metabolism. Cuth- 
bertson believed that there can be no definite 
increase in carbohydrate and fat metabolism 
in patients with bone trauma, for the pro- 
tein metabolism doubled whereas the fat 
and carbohydrate metabolism fluctuated 40 
per cent at most. 

In summary, it was noted that there is an 
increase in energy production in rats follow- 
ing an experimental fracture of one femur, 
providing that the rats are maintained on a 
diet containing adequate amounts of pro- 
tein during the post-traumatic period. The 
increased protein metabolism is believed to 
be responsible for this elevated rate of 
metabolism. Rats maintained on a regimen 
very low in protein did not show either an 
increased urinary nitrogen excretion or en- 
ergy production during the period following 
the fracture. 


EXPERIMENTAL NUTRITIONAL SIDEROSIS 


There are different explanations for the 
high incidence of severe siderosis in the 
Bantu Africans. One group of investigators 
believes that the overload of iron alone, 
which is dietary in origin, is responsible for 
this condition. Another group believes that 
this type of siderosis is due primarily to 
intracellular metabolic disorders, probably 
initiated by chronic malnutrition, even 
though the excessive body iron stores come 


from the food. T. Gillman, P. A. 8S. Can- 
ham and M. Hathorn (Lancet II, 557 (1958)) 
in an attempt to obtain information on this 
problem studied the iron content of the 
bodies of rats maintained on diets similar to 
that ingested by the Bantu. 

Groups of adult rats were fed either a 
standard stock ration or a diet consisting of 
uncooked mealie meal (corn meal). One 
half of the rats on each diet had their ration 
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fortified with four per cent ferric citrate. The 
milk 
was made freely available to all groups. The 
entire study lasted 156 days. 


diets were fed ad libitum and fresh 


Liver biopsies were done in a few rats of 
each group at 50 and 100 days after being 
on the diet. At the end of the experiment the 
iron content was determined of the liver, 
spleen, kidney, pancreas and total carcass. 
Also, sections of some of these tissues were 
stained for histological determination of the 
distribution of iron. 

At the end of the study they found that 
the average iron content of the total body of 
rats maintained on the stock and the mealie 
+ 0.5 (standard 
error of the mean) and 12.3 + 0.6 mg. per 
100 g. of wet weight, respectively. On forti- 
fying these two diets with iron, more metal 


meal diet contained 8.2 


was found in the carcass, an average of 
18.5 + 1.0 for the stock diet and 45.1 + 2.2 
mg. per 100 g. of wet weight for those eating 
the mealie meal. 

the 
the liver and 
spleen of the animals maintained on either 
the stock or the mealie meal diet, provided 
they were not fortified with iron. However, 


There was not much difference in 


average content of iron in 
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on adding iron to both diets, the amount of 
iron in the liver of the animals on the mealie 
meal ration was almost six times that found 
in those fed the stock ration (367 + 19 vs 
66.6 + 6.3 mg. per 100 g. wet weight). 
Approximately a seven-fold increase in the 
iron content of the spleen of animals fed the 
fortified diet 
when compared to the group receiving the 


iron mealie meal was found 
iron-containing stock ration. 

On histological examination it was found 
that in the earlier degree of siderosis the 
excessive amounts of iron were almost ex- 
clusively confined to the liver cells them- 
selves. However, later in the study on the 
diet fortified with the 
hepaticellular iron granules were found to 
be large, very numerous and clumped. Also, 
at this the and portal 
phagocytes had become laden with iron. 

Gillman and co-workers believe that the 
histological findings in rats mimic those 
noted in patients with the early stages of 
African siderosis. This work indicates that 


mealie meal iron, 


time sinusoidal 


dietary overload of iron alone does not in- 
duce severe parenchymal cell siderosis if 
the basic diet is adequate; a poor diet high 
in iron produces severe siderosis. 


ATHEROSCLEROSIS IN RHESUS MONKEYS 


Extensive experimental studies are neces- 
to the many factors 
involved in the induction and development 
of atherosclerosis. As a result, production 
of atherosclerosis is being studied in many 
species of animals. Since the monkey pos- 
sesses more similarities to man than most 
other species of animals, experiments using 
monkeys may be especially valuable in 
detecting some of the factors which may 
have a human atherosclerotic 
disease. The dietary production of athero- 
sclerosis in Cebus monkeys has been pre- 
viously reviewed (Nutrition Reviews 12, 25 
(1954)). 

G. E. Cox, C. B. Taylor, L. G. Cox and 


sary understand 


=. 


role in 


M. Counts (Arch. Path. 66, 32 (1958)) 
have reported their studies of the produc- 
tion of hypercholesteremia and atherosclero- 
is in rhesus More 30 
animals were studied over periods ranging 
from several months to three years. During 
a preliminary period of several months 
a stock, low-fat diet was fed until the 
serum cholesterol values became relatively 
stabilized. After the high-fat, experimental 
diets were begun, free and total serum 
cholesterol was determined at two week 
intervals and later at four to six week 
intervals. In addition, lipid phosphorus and 
blood fatty acids were determined. On 
alternate months large blood samples were 


sis than 


monkeys. 
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taken in order to determine the concen- 
trations of various classes of lipoproteins, 
using the ultracentrifuge. 

One of the major problems encountered 
in feeding the monkeys resulted from the 
poor acceptance of the high-fat, cholesterol 
diet in contrast to the low-fat diet which 
the animals seemed to prefer naturally. 
Even if fruit was withheld till late in the 
day the animals would reject the high-fat 
diet and wait for the fruit. Finally, a com- 
mercial monkey food was discovered which 
could be supplemented with cholesterol and 
fat and fed as 
once a day. An excess of diet was fed to 


a single food given only 


allow for the wastage which occurred. 


Preliminary serum cholesterol values 
averaged approximately 120 mg. per cent 
in one group of animals, and approximately 
150 mg. per cent in a second group. In 
the experimental feeding period the control 
during the 


periods of sickness, surgery or voluntary 


cholesterol values decreased 
fasting. Abdominal surgery was done in 
securing biopsy specimens of liver, intestine 
and skin for estimation of cholesterol syn- 
thesis as well as for the freezing of seg- 
ments in major abdominal arteries as a 
method of producing arterial lesions. 

The stock diet of 175 g. of ground monkey 
food was supplemented with 3 g. of cho- 
lesterol and 30 g. of butter per monkey 
per day. On this experimental regimen, 
diet consumption was relatively good and 
serum cholesterol values rose two or three 
times the control values in four to six 
weeks. The maximum values ranged be- 
tween 500 and 700 mg. per cent. The serum 
phospholipid, which initially averaged 255 
mg. per cent, rose to nearly 420 mg. per 
cent maximum. The values resulted from 
feeding intervals ranging from three weeks 
to 91 
in the extent of cholesterol elevation among 


weeks. There was great variation 


various animals and there was no con- 
sistent correlation between food intake or 
the duration of feeding and the degree 
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of elevation. In fact, it was possible to 
segregate the animals into three groupings 
classified as being either low, medium or 
high in susceptibility to hypercholesterol- 
emia. 

Increase of total lipid was the result of 
elevation of cholesterol and phospholipid, 
the ‘‘neutral fat’? remaining essentially un- 
changed. 

Ultracentrifuge determination of lipopro- 
teins showed a several-fold increase in the 
$,25-40 class. 

This report reveals that rhesus monkeys 
are susceptible to hypercholesteremia pro- 
duced by high-fat, high-cholesterol diets. 
The chief factor responsible for successful 
production of hypercholesteremia appeared 
to be the feeding of a single, homogeneous 
food given as one meal per day. In spite 
of success in producing elevated cholesterol 
levels in blood, occasional monkeys ap- 
peared to resist the production of hyper- 
cholesteremia. 

No attempt was made to investigate 
the role of 
in this study, since the primary problem 


various dietary constituents 


was to achieve adequate diet consumption 
of fat-rich foods. The technique of feeding 
permits the study of the effects of various 
types of fats on lipid metabolism and hyper- 
cholesteremia. The data accumulated in 
the present experiment did not permit sta- 
tistical comparison of male and female 
susceptibility to hypercholesteremia. Simi- 
larly, there was no age implication as 
observed clinically in human hypercholester- 


emia and atherosclerosis. 


There appeared to be a threshold for 


absorption of cholesterol. Once a maximum 


level of serum cholesterol was _ reached, 
ingestion of increasing amounts produced 
no further elevation. 

Continued ingestion of adequate amounts 
of the cholesterol-containing diet sufficed 
to guarantee the maintenance of high levels 


of serum cholesterol. Only the intervention 


or 
m 
d, 
od 
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food 


surgery, sickness or other causes, produced 


of decreased intake as a result of 
a decrease in the high cholesterol level 
reached during normal feeding periods. In 
other words, there was no overcompensa- 
tion of the organism resulting in a decrease 
in cholesterol level in spite of the level 
of intake. As the level of cholesterol rose, 
the phospholipid also increased, but not 
as much. Thus, as cholesterol increased 
the ratio of 


also inereased. 


cholesterol to phospholipid 

Serum neutral fat, as was noted, did 
not increase in spite of the intake of a 
high-fat diet, raising a question as to the 
mechanism whereby a hypercholesteremia 
might develop solely as a result of an in- 
crease in total fat intake.. 

The variations in susceptibility to hyper- 
both humans and 
monkeys may be a reflection of different 


cholesteremia seen in 
quantitative abilities of the organism to 
dispose of cholesterol. These capacities may 
involve one or more factors such as absorp- 
tion, endogenous synthesis, intermediary 
conversion to bile acids or hormones, or 
the excretion of cholesterol or bile acids 


in the feces. Thus the development of a 


UTILIZATION 


Detailed analysis of the catabolism of 
important offers potentially 
valuable advancement of 
nutrition. In 
years much new knowledge has been ob- 
tained regarding the pathways of glucose 
catabolism in microorganisms (I. C. Gun- 
salus, B. L. Horecker and W. A. Wood, 
Bacteriol. Revs. 19, 79 (1955)). This has 
come about because of the adaptability 
of microorganisms to the new techniques 
available to enzymology, especially radio- 
active tracer methods. 

One of the most comprehensive studies 
thus far carried out on glucose catabolism 


metabolites 
leads for the 
human and 


animal recent 
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quantitative measure of the capacity of 
known metabolic pathways may result in 
the ability to predict potential resistance 
or susceptibility at a clinical level, thereby 
aiding in the prevention of the develop- 
ment of hypercholesteremia and athero- 
sclerosis. 
Summary: Adult rhesus monkeys were 
used in experiments designed to develop 
techniques for achieving adequate consump- 
tion of high-fat, cholesterol containing diets 
leading to the eventual development of 
hypercholesteremia and atherosclerosis. A 
one-food, one-meal technique was devised 
which resulted in the elevation of serum 
cholesterol to levels of 300 to 600 mg. per 
cent. The animals were classified according 
to susceptibility, ranging from low to high. 


The cholesterol content, rather than the 


total fat content, appeared to be impli- 
cated more strongly in the development 
of hypercholesteremia, although experi- 


ments designed to test this hypothesis fully 
are still in progress. Gross and microscopic 
atherosclerotic lesions developed in most 
animals, and intimal lipid deposition was 
accelerated by transient, 


freezing injury 


to segments of vessels. 


OF GLUCOSE 


has just been completed at Oregon State 
College through the cooperative efforts of 
the departments of chemistry and 
teriology and the Science Research Institute 
(C. H. Wang, et al., J. Bacteriol. 76, 207 
(1958)). 
developed which provides information by 
means of a time-course study of the utiliza- 
tion of C™ specifically labeled carbohydrates. 
Nine different microorganisms, Escherichia 


bae- 


For this study a method was 


coli, Saccharomyces cerevisiae, Bacillus sub- 
tilis, Aspergillus niger, Steptomyces griseus, 
Penicillum digitatum, chrysogenum, Pseudo- 
Pseudomonas 


The 


monas saccharophila, and 


reptilivora were utilized. advantage 
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of experiments of the time-course type is 
that they 
well as the over-all picture of substrate 
utilization. 


reveal the kinetic aspects as 


Interval radiochemical recov- 
eries of substrate activity in the respiratory 
CO» give the rates at which the labeled 
carbon is converted to COs and thus reveal 
total 


recovered radiochemical after the substrate 


the nature of the pathways. The 


has been exhausted enables the calcula- 
tion of extent of participation of a particular 
pathway. Analysis of cell hydrolysates and 
of the medium provide valuable informa- 
tion on the fate of substrate carbon atoms 
in cellular biosynthesis. 

For the present study, glucose 1-, 2-, 
and 6-C™ were obtained from the National 
Bureau of (4)-C4 


was prepared from rat liver glycogen. Iden- 


Standards. Glucose 3, 


tical quantities of these specifically labeled 
substrates were added to 10 ml. aliquots 
of each cell suspension. By following the 
radiochemical recovery in the COs, it was 
easy to determine when the substrate was 
exhausted. The cells and medium were 
then separated by centrifugation and were 
subsequently processed for radioactive as- 
says and radioautographic examinations. 
The nature of the pathways of glucose 
degradation in EF. coli could be recognized 
by either the interval specific activity data 
or interval recovery time plots. The plots 
for E. 
phases. The first phase, that of assimila- 


coli indicated that there were two 


tion, was marked by the rapid combustion 
of C-3 (4) and C-1 and reflects the primary 
breakdown of glucose. By the time the 
intact glucose had been completely con- 
sumed by the cells, a second phase, that of 
depletion, was noted. During this phase, 
C-1, C-2, C-6 and presumably C-5 of 
glucose are converted to CO, at a higher 
rate, apparently as a result of the combus- 
tion of transitory carbon compounds pre- 
viously derived from the labeled glucose 
substrates. 

According to the authors, the prompt 
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and impressive appearance of C-3 (4) ac- 
tivity in the COs. reflects the conversion 
of pyruvate, arising from glucose via the 
Embden-Meyerhof-Parnas pathway, to 
acetate and COs, whereas the preferential 
combustion of C-1 of glucose over that of 
C-6 indicates the occurrence of 1-5 cleavage 
in an altermate degradation pathway, in 
this case phosphogluconate decarboxylation 
(S. S. Cohen, J. Biol. Chem. 189, 617 
(1951)). On the other hand, the delayed 
appearance of C-2 and C-6 in the CO, 
during the assimilation phase indicates that 
the above cleavage is not followed by 
extensive pentose-cycle reactions since these 
would result in a reasonably rapid conver- 
sion of these two carbon atoms into COs. 

In the depletion phase the authors found 
that C-2 and C-6 of glucose were converted 
to CO. by FE. coli at much higher rates 
than in the assimilation phase, with C-2 
considerably higher than C-6. They are 
of the opinion that this occurs because 
much of the acetate formed via the Embden- 
Meyerhof-Parnas route is diverted into the 
synthesis of amino acids and other cellular 
constituents. Some of these compounds 
probably exist in a transitory state prior 
to their transformation into more stable 
cell constituents and are therefore subject 
to rerouting to respiratory functions during 
the depletion phase. 

In experiments with B. subtilis, it was 
noted that, although the results were gen- 
erally similar, the combustion rate of C-2 
of glucose was significantly higher in magni- 
tude than in #. coli during the assimilation 
phase. The authors suggest that this may 
reflect the extensive participation of pen- 
tose, as derived from glucose, in pentose 
cycle reactions. 

In contrast to the findings with bakers’ 
yeast and E£. coli, the combustion patterns 
consist of only the first phase in the case of 
filamentous organisms and the pseudomo- 
nads. The lack of a strong depletion phase 


10- 
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in these organisms may be due, in the 
filamentous types, to greater interference 
from endogenous respiration and, in the 
pseudomonads, to a much lower content 
of free cellular amino acids. 

Although studies such as the above offer 


NUTRITION 
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several clues to the possibilities of glucose 
utilization in various mammalian organs, 
the near future will undoubtedly see many 
more definitive investigations, patterned 
after these pioneer studies and carried out 


directly on mammalian tissues. 


BIOTIN AND LIPID SYNTHESIS 


The action of biotin as a co-factor in 
carboxylation reactions has been well docu- 
mented (H. A. Lardy and R. Peanasky, 
Physiol. Rev. 33, 560 (1953)). Several other 
proposed functions of this vitamin, how- 
ever, have appeared to have little relation- 
ship to these reactions. Among these has 
been a relationship of biotin to lipid syn- 
thesis and deposition. G. L. Curran (Proc. 
Soc. Exp. Biol. Med. 76, 496 (1950)) com- 
pared the uptake of D.O from body water 
by fatty acids of normal and biotin-deficient 
rats. The fact that D.O uptake in the 
leficient rats was somewhat greater was 
thought to be due to the depletion of body 
fat in the partially fasting state of these 
inimals. As a matter of fact, some indica- 
tions have been found for suggesting that 
biotin deficiency actually results in a de- 
crease in either formation or storage of 
possibly both (R. Okey, 
R. Pencharz, 8. Lepkovsky and E. R. 
Vernon, J. Nutrition 44, 83 (1951)). 

In order to test this hypothesis, M. R. 
Gram and R. Okey (J. Nutrition 64, 217 
(1958)) followed the utilization of acetate- 
2-C™ in normal and biotin-deficient male 
rats. In several experiments, a total of 49 
rats was divided into groups on _ three 
diets; a biotin-deficient diet, an adequate 
diet ad libitum, and the adequate diet 
restricted so that weight gains were the 
same as those of the biotin-deficient ani- 
mals. 

The weight gains of the deficient rats 
and the restricted control animals were 
considerably lower than those of the ad 


fatty acids, or 


libitum control rats but food efficiency was 
not much lower in the deficient animals. 
At seven or ten weeks, when deficiency 
symptoms were evident, animals were fasted 
12 hours, fed for two hours (to effect maxi- 
mal fatty acid synthesis), injected with 
acetate-2-C™ and kept in metabolism cages 
tadioactive 
CO» excretion during the first hour was 


for four hours until sacrificed. 


greatest in the deficient rats at seven weeks 
but about the same as that of the control 
animals at ten weeks. The specific activities 
and per cent of injected activity in the 
liver lipids and cholesterol (total and free) 
were considerably greater in the restricted 
control rats than in the other two groups, 
while the specific activity of liver glycogen 
appeared to be greatest in the deficient 
animals, especially at seven weeks. 

the smaller 
incorporation of injected acetate in the lipids 
of the ad libitum control animals was a re- 
flection of the plentiful stores of unlabeled 
acetate already available in these animals. 


The authors considered that 


The restricted-diet control rats, having much 
smaller stores, readily incorporated the in- 
jected acetate into all types of lipid. The 
deficient animals, on the other hand, had 
small acetate stores but a lowered synthetic 
ability and thus could not incorporate the 
active acetate into lipid rapidly and effi- 
ciently. In these animals, the preferred 
pathways were thought to be those leading 
to glycogen and respiratory CO:. This cer- 
tainly appeared to be the case at seven 
weeks, although it is somewhat doubtful 
at ten weeks when insignificant differences 
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in (¢ 
were obtained. 


‘4QO. excretion and glycogen activity 


These results indicate quite clearly that 
biotin deficiency results in a decrease in 
the rate of fatty acid synthesis, at least 
in the rat. Until recently, a mechanistic 
approach to this problem would not have 
been profitable. However, S. 2. Wakil, E. 
B. Titchener and D. M. Gibson (Biochim. 
Biophys. Acta 29, 225 (1958)) have recently 
shown that a cell-free fatty acid synthe- 
sizing system from avian liver requires 
both biotin and bicarbonate, although the 
latter was not actually incorporated into 
the synthesized fatty acids. R. O. Brady 
(Proc. Nat. Acad. Sci. 44, 993 (1958)), 
using a similar preparation from pig liver, 
has reported the formation of fatty acids 


KIDNEY PATHOLOGY IN 


Degenerative changes in the cortical tu- 
bules of the kidneys of rats occur when a diet 
deficient in vitamin E is fed for prolonged 
periods (A. J. P. Martin and T. Moore, 
and Ind. 55, 236 (1936): 57, 973 
(1938)). A careful, more recent investigation 


Chem. 


of kidney pathology in avitaminosis E indi- 
cated that the degenerative kidney changes 
noted by Martin and Moore were not seen 
in tissue that was fixed immediately after 
death of the animal (V. M. Emmel, Anat. 
Rec. 124, 399 (1956); J. Nutrition 61, 451 
(1957)). 

These kidney changes thus appear to be 
typical of vitamin E deficiency but a degree 
of post-mortem autolysis is apparently neces- 
sary for the degenerative or autolytic changes 
to occur. Emmel noted further that the post- 
mortem autolytic process was produced only 
if the vitamin diet contained 
highly unsaturated fatty acids. A diet con- 
taining 30 per cent of its calories as the free 


E-deficient 


fatty acids of linseed oil was used in Emmel’s 
experiments. 
These observations have been confirmed 
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from malonyl coenzyme A and acetalde- 


hyde. The proposed mechanism consists 
of the TPNH-mediated reduction of acyl 
CoA to aldehyde, condensation of this with 
malonyl CoA in a Knoevenagel type reac- 
aldehydes’ with 


tion (condensation of 


malonic acid catalyzed by amines) and 
decarboxylation of the product to form a 
B-hydroxyacyl CoA, which can be dehy- 
drated and hydrogenated to yield the fatty 
acid derivative. 

Thus a mechanism has now been found 
for the action of biotin in fatty acid syn- 
thesis since carboxylation of acetyl CoA 
malonyl CoA is 
reaction. It 
effect 
traced so logically to a basic mechanism. 


to form presumably a 


biotin-mediated is gratifying 


to find a nutritional which can be 


VITAMIN E DEFICIENCY 


recently by workers at the Dunn Nutritional 
Laboratories, Cambridge, England, (T. 
Moore, I. M. Sharman and K. R. Symonds, 
J. Nutrition 65, 183 (1958)). These workers 
have made the important observation that 
relatively low levels of highly unsaturated 
fatty acids in the vitamin E-deficient diet 
will result in severe kidney changes in the 
rat. 

The diet had 
the following composition (per cent): vita- 


vitamin E-deficient used 
min-free casein, 25; sucrose, 50; lard, 10; 
dried Brewers’ yeast, 10; and minerals, 5. 
Vitamin A was usually supplied as 1000 1.v. 
of synthetic vitamin A acetate, weekly; 
vitamin D was given as 60 1. v. (1.5 micro- 
grams) of ergocalciferol and vitamin K was 
supplied as 50 micrograms of menadione, 
each dose being dissolved in 20 mg. of peanut 
oil. When required, vitamin E was supplied 
as a solution of dl-a-tocopheryl acetate in a 
5 per cent solution of peanut oil. 

Cod liver oil, linseed oil, coconut oil or 
sucrose served as dietary replacements for 
the lard as a means of assessing the influence 


ahepe 
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of dietary fat on kidney damage in vitamin 
I. deficiency. Weanling rats of both sexes 
served as experimental animals. 

In order to study the influence of post- 
mortem autolysis, the animals were sacri- 
ficed and one kidney, after longitudinal sec- 
tioning, was fixed immediately. The second 
kidney was allowed to remain in situ for 
three hours at 
fixation. 


room temperature before 

Other signs of vitamin E deficiency (de- 
generation of testes or brown uterus, and 
increased liability to hemolysis, in vitro, by 
dialurie acid) were also noted. 

Post-mortem autolysis was not observed 
in kidneys of control animals receiving die- 
tary tocopherol supplement. Two milligrams 
of the vitamin, administered weekly, afforded 
complete protection. 

Ten or 30 per cent of cod liver oil in the 
diet resulted in severe kidney autolysis in 

its receiving the vitamin E diet for a five- 
month period. Some mild autolysis was evi- 
lent on a diet containing only 2 per cent of 
cod liver oil after a seven-month feeding 
period. Linseed oil (10 per cent dietary level), 
in spite of its high iodine value (highly un- 
saturated fatty acid), caused only partial 
sutolysis in one of six rats. The iodine values 
were 154 and 181 for cod liver oil and linseed 
oil, respectively. 

In order to study the response of the kid- 
neys to curative treatment, female rats were 
kept on the basal diet for periods of eight 
to nine months and then given single or re- 
peated supplements of tocopherol. Single 
doses of 2 mg. were without effect in pre- 
venting the kidney autolysis. Ten to 15 
weeks of continuous supplementation (2 mg. 
of tocopherol per week) were necessary to 
control, effectively, the autolytic changes. 

Methylene blue was also tried as a pre- 
ventive against kidney autolysis. This sup- 
plement, at a level of 0.126 per cent of the 
diet, was effective and completely prevented 
uutolysis when fed in a diet containing 10 
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per cent of lard (basal) or in a diet contain- 
ing 2 per cent of cod liver oil. 

Careful examination of histologic sections 
of kidney that had been fixed immediately 
after sacrifice of the animal revealed changes 
that were attributable to vitamin E defi- 
ciency, particularly when the deficient diets 
contained cod liver oil or when the deficient 
diets were fed for periods of seven months 
or longer. Abnormalities noted were strong 
staining with eosin, neutral red, methyl 
violet, or malachite green in the cells lining 
the kidney tubules. Brownish staining of 
frozen sections stained with hematoxylin or 
Sudan 4 suggested the presence of abnormal 
fat. 

These results emphasize that only small 
amounts of dietary fat, and thus only a 
limited source of highly unsaturated fatty 
acids, are necessary to produce marked auto- 
lytic kidney changes in vitamin E-deficient 
rats. The earlier studies by Emmel (loc. cit.) 
had indicated that relatively high concen- 
trations of unsaturated fatty acids were 
necessary to bring about such changes. 

Moore their studies 
emphasize that the autolytic changes could 
be reduced by lowering the dietary level of 
unsaturated fatty acids to a point where 
there is danger of unsaturated fatty acid 
deficiency. Sealy tails, an indication of this 
deficiency, were in fact observed in rats re- 
ceiving the basal diet with the lard omitted. 

The augmentation of vitamin E deficiency 
by dietary cod liver oil was confirmed in the 
present experiments. Since linseed oil, with 
a higher degree of unsaturation in its fatty 
acid make-up, was less damaging, the vita- 
min E-inactivating property of cod liver oil 
is emphasized further. No explanation for 
these results could be found in the tocopherol 
contents of the various fats used in the ex- 
periments. Thus, the 10.2 mg. of alpha- 
tocopherol per 100 g., found in the cod liver 
oil, should exceed in biological value the 20 
mg. of gamma-tocopherol found in 100 g. of 
the linseed oil, assuming that the gamma 


and associates in 
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form has only 20 per cent of the potency of 
the alpha form. 

The results infer that the various poly- 
ethylenic acids differ in their capacities to 


DIETARY PROTEIN AND 


During the past few years it has become 
that the 
of man and experimental animals can be 


evident serum cholesterol levels 
influenced by a wide variety of factors. Of 
great current interest are the influences of 
dietary Cholesterol 


levels have been reported to increase with 


certain constituents. 

cholesterol (in certain 
species of animals) (Nutrition Reviews 12, 
54 (1954)), with high fat diets (Jbid. 14, 
39 (1956)) or a high percentage of dietary 
saturated fat (Jbid. 15, 39 (1957)). They 
have been found to decrease on a low fat 
(Ibid. 14, 67 (1956)) or a diet rich in poly- 
unsaturated fatty acids (Jbid. 15, 1 (1957); 
14, 327 (1956)) or, in when 
large amounts of plant sterols are added 
to the diet (Jbid. 14, 39 (1956)). However, 
in general, even with experimental diets, 


increased dietary 


some 


cases, 


the alterations in the constituent of current 
interest have not been the only alterations. 
Fat is usually varied inversely with carbo- 
hydrate, which is considered only as a 
supply of calories, while the protein is kept 
constant. However, it is possible that as 
the the diet 
consumption decreases, and even though 


caloric value of increases, 
the protein content is not altered, a lower 
protein intake in fact exists. A. 
J. T. Anderson (Am. J. Clin. 
5, 29 (1957)) found little or 


in serum cholesterol levels by changes in 


Keys and 
Nutrition 


no alteration 


dietary proteins in man. However, the time 
periods for the study were quite short and 
protein was not altered very widely. 
fecently, the effect of dietary protein 
alterations on the serum cholesterol levels 
of chickens was studied by M. Kokatnur, 
N. T. Rand, F. A. Kummerow and H. M. 
Scott (J. Nutrition 64, 177 (1958)). Mature 
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promote tissue autolysis in the vitamin E- 
deficient animal. It would be of interest to 
the arachidonic 


investigate potency of 


acid. 


SERUM CHOLESTEROL 


white leghorn roosters were maintained for 
ten days on an adequate basal diet con- 
taining 5 per cent corn oil and 15 per cent 
50 


also 


protein (as extracted soybean meal, 


Half the group 
received 1 per cent cholesterol. At the end 


per cent protein). 


of this period, the birds were divided into 


six groups of eight each (four receiving 


cholesterol) and were fed diets varying in 
protein from 7.5 to 15 to 30 per cent and 
either 15 per cent corn oil or essentially 
none. 

At every protein level serum cholesterol 
the 


contained only 7.5 


increased more 
diet. When the 


per cent protein 


rapidly high-fat 
diet 


significant increases were 


on 


obtained during 10 or 21 days with or 
without dietary fat. However, on the higher 
protein level, no significant increases were 
obtained during this period. Moreover, de- 
the 


con 


creases in serum cholesterol levels in 


absence of dietary cholesterol were 
siderably faster on the high protein diets 
Since it was evident that dietary protein 
appeared to be more closely related to 
serum cholesterol levels than did dietary 
fat, it is necessary to speculate on the 
reasons for the differences in these experi- 
ments and those of Keys and Anderson. It 
is easy to invoke a species difference, but 
unless the two experimental designs are at 


be The 


nature of both protein and fat are known 


least similar, it cannot proven. 
to be important; in the present case, the 
choice of corn oil may have been unfortu- 
fat 
might have had a greater effect. In any 


nate, since a more highly saturated 


event, the results point up the need for 
further investigation along these lines. 
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NOTES 


Enzymatic Function of Vitamin B,,. 
Recent experiments of B. C. Johnson 
and his co-workers have furnished evidence 
that vitamin By. is concerned with the 
enzymatic incorporation of amino acids into 
proteins (Nutrition Reviews 16, 252 (1958)). 
Incorporation of a number of amino acids 
into liver proteins of rats and pigs was 
decreased in Bys-deficiency and almost fully 


restored when the vitamin was added in 
vitro to the active supernatant solutions 
obtained by centrifugation of the liver 


homogenates. 

In order to gain further understanding 
of this funetion of vitamin By, 8. R. Wagle, 
R. Mehta and B. C. Johnson (J. Biol. 
(‘hem. 23, 619 (1958)) separated liver homog- 
enates from normal and By-deficient rats 
nuclei, microsomes, 
upernatant solutions and the fraction pre- 
cipitated at pH 5.2 from the supernatant 
pH 5 enzymes). When incubated with 
‘slanine-2-C" and the proper co-factors, only 
the microsomes plus the pH 5 enzymes 
from the normal rats incorporated alanine 
maximally into protein. The same fractions 
from Bi-deficient animals gave a much 
lower incorporation, which was almost fully 


into mitochondria, 


restored by addition of the vitamin in 
vitro. This effect of Bi. was found to be 
associated with the pH 5 enzymes, since 
microsomes from deficient animals and pH 
5 enzymes from normal animals effected 
almost normal incorporation. Moreover, this 
fraction was found to incorporate the great- 
est amount of Co®-Biz when the latter 
Was injected into the rat; both the pH 5 
enzymes and microsomes incorporated Co®- 
Bie when incubated in vitro. The indications 
were thus that the pH 5 enzymes fraction 
contains the vitamin at the active site. 

To clarify this idea further, this fraction 
was subdivided by precipitation with am- 
monium sulfate. It was found that a com- 
bination of the 20 to 40 and 40 to 60 per 
cent precipitates plus nucleic acid effected 


about twice the incorporation given by 
the cruder system. Moreover, the 40 to 60 
per cent precipitate incorporated most of 
the radioactivity of the liver of a rat in- 
jected with Co®-Byo. 

Two additional pieces of evidence for 
participation of the vitamin in the enzyme 
system were obtained by the use of a By 
A 40 inhibition of 
amino acid incorporation, which could be 
obtained by addition of the antagonist to 
the complete 


antagonist. per cent 


enzyme system, could be 
reversed by additional pH 5 enzymes or 
the 20 to 40 and 40 to 60 per cent ammo- 
nium sulfate precipitates. Moreover, an 
apparent amino acid activation involving 
exchange of pyrophosphate P® activity with 
ATP in the presence of amino acids was 
catalyzed by the 40 to 60 per cent ammo- 
nium sulfate precipitate (containing most 
of the Bi) and inhibited by a By antag- 
onist. 

Although have not 
definitely proven that the enzyme system 
shown to contain vitamin By: actually effects 
the de novo synthesis of protein, the evidence 
appears good that it is at least involved 
in the incorporation of several amino acids 
into proteins, possibly by 
the amino acids. 


these experiments 


activation of 
Further fractionation of 
these enzymes, already under considera- 
tion by the authors, may serve to elucidate 
the various steps in protein synthesis. 


Serotonin and Gastric Mucin Production 


Physiological and pharmacological effects 
of serotonin (5-hydroxy tryptamine) have 
been reviewed earlier (Nutrition Reviews 
15, 169 (1958)). Recently T. White and 
D. 8S. MacGee (Gastroenterology 35, 289 
(1958)) have the influence 
of tryptamine on the production of gastric 
mucin secretion. 

Isolated pyloric pouches, which opened 
to the exterior, were prepared in dogs 


reported on 








64 NUTRITION 


and these investigators found that the con- 
tinuous infusion of serotonin (10 to 30ug. 


per kg.) caused a large increase in gastric 


mucin production. The increased gastric 
mucin production occurred immediately 


after the beginning of the administration 


of the serotonin. Under the influence of 


serotonin, the average volume of mucin 
produced was 191 per cent greater than 


during the control period in the six dogs 
studied. 

As to be expected, serotonin increased 
the motility of the intestine as measured 
by pressure changes transmitted to water- 
filled ballons placed in the pyloric pouch. 
The question arose as to whether the in- 
creased secretion of mucin was the result 
of the 
whether it 


increased intestinal motility or 
different 


administration of 


occurred through a 


The 
immediately 


hexa- 
reduced the in- 


mechanism. 
methonium 
creased tonus caused by serotonin in the 
gastric pouch but did not influence the 
gastric secretion. These investigators also 
surgically produced an eversion of the atrial 
pouches to prevent the mucosal surfaces 
from rubbing together during the period 
of hypermotility induced by serotonin. In 
this 
secretion could not be due to the frictional 


manner, the increased gastric mucin 
stimulation of the mucosal surfaces rubbing 
together. 

After this procedure was performed the 
serotonin was still found to produce in- 
creased secretion of gastric mucin. These 
investigators concluded that serotonin ap- 
pears to have a direct action on the pyloric 
mucosa which results in the production of 
mucin. It was also noted that during these 
studies there was a constant vomiting of 
mucin as well as the usual serotonin effects 
causing defecation and panting. They be- 
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lieve that the increased mucin production 


was stimulated throughout the stomach 
and not in the pylorus alone. 

Serotonin is believed to be produced in 
certain cells of the body which are mainly 
present in the gastrointestinal tract and 
in carcinoid tumors. Evidence is being ac- 
that this 


physiologic role in the body’s 


cumulated material has an 
important 
economy, although at present its activity 
is being detected mainly in such abnormal 
states as carcinoid tumors. 
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